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A CORRELATION BETWEEN THE HISTOLOGICAL 
CHANGES AND THE FATE OF LIVING TUBERCLE 
BACILLI IN THE ORGANS OF REINFECTED 
RABBITS 

By max B. LURIE, M.D. 

{Frot7i The Henry Phipps InslitiUe, University of Pennsylvania, Philadelphia) 

Plates 10 to 13 

' (Received for publication, August 27, 1932) 

Since Robert Koch (1) first observed and described the phenomenon 
that bears his name there have been repeated attempts to elucidate 
the differences in the reaction to tubercle bacilli of normal and tubercu- 
lous animals, with aU the implied problems of natural resistance and 
acquired immunity > Amongst these may be mentioned the work of 
Lewandowsky, Krause and Peters, Baldwin and Gardner, Jaffe and 
Lowenstein, Long, and Gardner (2), They conclude that the lesion 
of reinfection is differentiated from that of the primary infection by 
the acceleration and intensification of the immediate inflammatory 
reaction and by the accelerated formation of nodule and tubercle and 
the abortive nature of these lesions. Kalbfleisch (3) on the other 
hand maintains that in rabbits only slightly affected with tuberculosis 
the course of a second infection differs in no way from the course of a 
primary infection in the conjunctiva, mesentery and skin, and that in 
extensively diseased rabbits there is only a quantitative difference, 
observed chiefly in the skin as a more intensive or, less often, as a less 
intensive reaction in the tuberculous as compared with the normal 
animal. 

The fate of the bacilli of reinfection has also been studied by numer- 
ous investigators (4). However no experiments have thus far been 
reported in which the fate of the living bacilli and the associated histo- 
logical changes have been studied together in the same reinfected ani- 
mal. The role of inflammation in resistance to reinfection is far from 
settled. 
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LIVING TUBERCLE BACILLI IN ORGANS 


In recent experiments (5) on the response of the rabbit to a primary 
infection the fate of living tubercle bacilli cultured from a given tissue 
was studied in relation to the associated histological changes. It was 
found that the mononuclear phagocytes in ^'•arious organs possess 
an inherently different capacity to destroy tubercle bacilli. If the 
bacilli fail to be destroyed by these cells they accumulate in the cyto- 
plasm and the greater the number of the microorganisms the more 
extensive the multiplication of new mononuclear cells by mitosis. 
When the mononuclears are transfonned into mature epithelioid cells 
and the tubercles have reached their maximum development the bacilli 
have already undergone extensive destruction and are disappearing. 
On the basis of these observations the epithelioid cell of tuberculosis 
may be described as a mononuclear phagocyte that has killed and in- 
completely digested tubercle bacilli or their products. After multi- 
plication of the tubercle bacilli has ceased regeneration of mono- 
nuclears by mitosis becomes less active and Langhans giant cells may 
be formed from preexisting epithelioid cells. Lymphocytes and gran- 
ulation tissue surround and permeate the tubercle after the bacilli have 
been destroyed, and the tubercle retrogresses. 

A similar study of the reinfected animal was undertaken to throw 
further light upon the relation of host and parasite. 

Method 

A series of rabbits was inoculated intravenously with 0.001 mg. of tubercle bacilli 
of a human strain (P 48A) per kilo of body weight. It has been shown (6, 1928) 
that 6 months after sucli an inoculation the tubercle bacilli have almost completely 
disappeared from the liver, spleen and bone marrow and have as a rule been greath’’ 
reduced in numbers in the lung and kidne 3 ^ At about this time, therefore, 15 of 
these rabbits were given intravenously a reinfecting dose of 0.01 mg. of the same 
strain of tubercle bacilli. Another series of IS rabbits was infected with the 
human strain and reinfected with a bovine strain, Bovine C, in the same quan- 
tities and b}'^ the same route. At the same time two series of normal rab- 
bits, 13 in each, were injected intravenously with 0.01 mg. of these strains, one witli 
the human, and one with the bovine tj^pe bacilli. 

At intervals of 1 daj’’, 1, 2, 4 and 6 weeks and 2 months equal amounts by weight 
of suspensions of ground lung, liver, spleen, kidney and bone marrow in var^dng 
dilutions were seeded directl}’’ upon tubes, three of Dorset’s and three of Petroff s 
egg media, and similarlj' after sodium h 3 'dro.vide treatment. Two or tliree rabbits 
were used for each interval. The number of colonies of tubercle bacilli appearing 
on the surface of each tube was repeatedl 3 ' determined, the final reading being 
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LIVING TUBERCLE BACILLI IN ORGANS 



Text-Fig. 2. Each point plotted on the light lines represents the average num- 
ber of colonies cultured from 10 mg. of a given organ from each of two or t ree 
rabbits at varying intervals of time following a primary intravenous inocu ation o 
0.01 mg. of tubercle bacilli of bovine t3Te (Bovine C). The points plotted on t e 
heavy lines represent the average number of colonies ciJtured from t e sam 
amount of tissue of a similar number of rabbits reinfected with 0.01 mg. o t e sa 
strain 6 months after a primary intravenous inoculation of 0.001 mg. o tu 
bacilli of human type (P 48 A) per kilo. 
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Reinfection with Bovine Strain— A similar difference was found between two 
rabbits, Nos. R 42 and R 43, reinfected with bovine type bacilli. In one. No. R 
43, with only a few residual lesions in the lung, from which 20 colonies were cultured, 
the liver showed a diffuse infiltration of the sinusoids by polymorphonuclear and 
mononuclear cells. In No. R 42, the lung of which was affected by a massive cas- 
eous tuberculosis with excavation, and yielded 8,300 colonies, the liver sinusoids 
were free of infiltrating cells and the mononuclear nodules were smaller, less 
numerous, more sharply circumscribed, had more abundant C3'toplasm and much 
less prominent pol 3 'morphonuclea'r intermixture than in No. R 43. In No. R 43 
the polymorphonuclears were more often free and intact; in No. R 42 tliey were 
more often engulfed by the mononuclears and disintegrating within them. 11 
colonies were isolated from the liver of the former rabbit; no tubercle bacilli could 
be cultured from the latter. 

Primary Infection with Human Strain. — From the livers of Nos. R 1 and R 2, 
14 and 18 colonies respectively were isolated. There was a slight diffuse infiltra- 
tion of the liver sinusoids b 3 '^ polymorphonuclears. Man 3 ^ of the Kupffer cells 
were swollen and their nuclei vesicular, and in the C3'toplasm were occasional!}’' 
seen coarse deeply staining acid-fast globules. Some of these cells were detached 
and rarel}’ small groups of them were found in the sinusoids (Fig. 1). 

Primary Infection with Bovine Strain. — In Rabbits R 29 and R 30 essentiall}’ the 
same though more intense reaction was found in the liver; 13 colonies were isolated 
from the first and 3 from the second rabbit. 

From these findings it is clear that the immediate inflammatory 
reaction as expressed by the outpouring of pol}Tnorphonuclears and 
the accumulation of mononuclears is both intensified and accelerated 
in the reinfected animal. As a rule fewer bacilli are isolated after re- 
infection than after primary infection, indicating a greater initial de- 
struction of the bacilli. This initial destruction is most complete in 
the presence of extensive residual primary lesions. It is associated 
with sharply circumscribed nodular accumulations of mononuclears in 
which the polymorphonuclears remain only as infrequent disintegrat- 
ing cells witloin the abundant cytoplasm of the mononuclears; there 
is no general infiiltration of the tissues by these cells. In the presence 
of slight or healed primary lesions the inflammatory reaction is more 
generalized and extensive, the nodular accumulation of mononuclears 
is less sharply demarcated, the polymorphonuclears are much more 
abundant and tlieir phagocytosis by mononuclears, whose cytoplasm 
is slightly developed, is less in evidence; the bacilli are less effectively 
destroyed. 
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Fhidings after 1 Week . — 

Rcwfcction with Hwmn Strain. — From the liver of Rabbit 17 no colonies were 
obtained; from No. R 18 one single colony was cultured; both rabbits harbored 
residual primary lesions in the lung. In both, the lesion in the liver was incon- 
spicuous and consisted of a few minute epithelioid and giant cell tubercles up to 150 
micra in diameter. Isolated Langhans giant cells were also found in the sinusoids. 

There was no primary lesion in the lung of No. R 19. 8 colonies were isolated 
from the liver; the tubercles were much more numerous and larger than in the pre- 
vious rabbit, and isolated giant cells were less frequent. Some of the tubercles 
were resolving. 

Reinfection with Boroine Strain. — ^There was a slight residual primary lesion in 
the lung of No. R 45. 31 colonies of bovine type were isolated from the liver, indi- 
cating considerable multiplication of the microorganism. The associated lesion 
was extensive, consisting of larger and more numerous compact tubercles than in 
any animal thus far described. Giant cells were less frequently found than in the 
other rabbits of this interval, and surrounding some of the epithelioid cells were 
mononuclears, amongst which mitotic figures were occasionally seen. A single 
tubercle bacillus was found within an epithelioid cell (Fig. 4). Rabbit R 44 is 
discussed below. 

Primary Infection with Human Strain. — ^38 colonies were isolated from the liver 
of No. R 4. In the sinusoids minute collections of polymorphonuclears were 
occasionally seen intermixed with several large mononuclears with vesicular nuclei, 
in the c>i:oplasm of which acid-fast particles or a rare intact tubercle bacillus was 
sometimes found. Mononuclears were more numerous in similar collections in the 
liver of No. R 3; 11 colonies were isolated. 

Primary Infection with Boroine Strain. — ^Essentially the same histological changes 
were found in Rabbits R 31 and R 32. Fewer colonies were isolated. 

Thus again, 1 week after inoculation the reaction in the tuberculous 
animal is much further advanced than in the normal a nim al . With the 
first infection there are only minute collections of polymorphonuclears 
and mononuclears; whereas after the reinfection well formed mature 
epithelioid and giant cell tubercles have appeared. The bacilli have 
entirely disappeared from that reinfected rabbit in which, in associa- 
tion with the persistence of the primary lesion, tubercles are very in- 
conspicuous, and have been less completely destroyed in that animal in 
w^hich, in association with the complete disappearance of the primary 
lesion, tubercle formation is more widespread. 

Bacilli of the more virulent type had actually multiplied in one ani- 
mal. This multiplication was associated vdth a more extensive lesion 
in which some of the tubercles were still in an early stage of develop- 
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ment mth continued mitosis of mononuclears, although some were 
mature and some already resolving. 

Findings after 2 Weeks . — 

At the end of this period onl}'^ occasionally was a single colony or several colonies 
of bacilli, whether of human or bovine strain, isolated from the liver of 19 of the 20 
reinfected rabbits. The single exception was Rabbit R 49 sacrificed 4 weeks after 
reinfection with bovine type bacilli. From the liver of this rabbit 18 colonies were 
isolated and evidence was obtained of invasion of the blood stream by the bacilli 
from the primary lesion as in Rabbit R 44 described below. Together with the 
disappearance of the bacilli of reinfection the lesions had retrogressed, leaving only 
an occasional Langhans giant cell or a collection of disintegrating epithelioid 
cells. These were characteristicall}’^ found in the h^mph vessels in the periportal 
spaces, which were often filled with vacuoles (Fig. 6), and there were more of them 
in rabbits reinfected with the bovine tj^pe, although the bacilli were just as rarel}' 
isolated from these animals. 

Normal rabbits similarly infected showed marked multiplication of the bacillus. 
Thus 380 colonies were isolated from Rabbit 34, 2 weeks after a bovine infection. 
There were numerous oval tubercles composed of a core of epithelioid cells and 
occasional!}'’ giant cells surrounded by large mononuclears, often in mitosis (Fig. 5). 
Intact tubercle bacilli and acid-fast particles were found within tlie epithelioid 
cells and the first stages of caseation had appeared in some of the tubercles. Simi- 
lar observations were made with the human primary infection except that caseation 
was not noted. 

Two weeks after inoculation both the bacilli and the associated 
lesion in the liver of the reinfected animal have largely disappeared, 
whereas in the normal animal the bacilli are rapidly multipl}ang and 
the lesions rapidly extending. 

The bacilli of reinfection are not completely destroyed in the liver 
even 2 months after reinfection, when an occasional isolated colony 
may be cultured. The connective tissue cells in the periportal canals 
are much increased, consisting of Ijnnphocytes, occasional plasma cells, 
mononuclears and fibroblasts. There still may be found a rare giant 
cell, as after 2 weeks. 

The relations between tlie fate of the bacilli of reinfection and the 
histological clianges in the spleen and bone marrow were the same as 
in tlie liver. From these organs isolated colonies were repeatedly cul- 
tured in the absence of any microscopic tuberculous lesions. 
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The Lmg after Reinfection with Human and Bovine Type Tubercle 

Bacilli 

The correlation between the fate of the bacilli and the histological 
changes in the lung could not always be ascertained vnth the same 
degree of certainty as in the liver, spleen and bone marrow because 
a lesion of variable character often remained from the primary infection 
in this organ, and the number of contained bacilli varied accordingly. 
Furthermore, as will be shown later, in some rabbits there was dear 
evidence of tubular spread of the lesion from these foci. The age of a 
given lesion as indicated by its appearance could therefore not always 
be used as a criterion to differentiate between that due to endogenous 
spread and that due to the exogenous reinfection. Nevertheless cev- 
tain definite relations were observed that in general are the same as 
those in the other organs. 

Findings after 24 Hours . — 

Reinfection with Human Strain . — ^Two isolated tubercles remained from the pri- 
mary infection in No. R 15. 56 colonies were obtained in cultures. There were 
localized, though not sharply demarcated, infiltrations of the alveolar septa by 
large mononuclears with some polymorphonuclears. Macrophages laden with 
carbon particles often occupied what was left of the alveolar spaces. There was a 
considerable general accumulation of polymorphonuclears in the small vessels and 
in the septa. Both phases of the reaction were more marked than at the same 
interval with the primary infection. 

There were small numbers of discrete tubercles in the lung of No. R 16. 1,030 
colonies were isolated. The nodal thickenings were more extensive and more 
sharply delimited than in No. R 15. There were very few pobunorphonuclears. 
The primary lesion in No. R 14 was extensive; 720 colonies were isolated. Histo- 
logical changes due to reinfection cotdd not be determined. 

Reinfectim with Bovine Strain . — ^There were a few residual tubercles in the lung of 
No. R 43, some with calcification. 20 colonies were isolated. There was intense 
acute inflammation and an acannulation of polymorphonuclears. These often 
plugged small blood vessels and infiltrated the septa in compact masses. Here and 
there were found small nodal collections of mononuclears intermixed with poly- 
morphonuclears. No. R 42 showed a very extensive primary lesion. 8 300 
colonies were isolated. It could not be ascertained if there was any lesion due to 
reinfection. 

Thus the difference in reaction between the normal and the tubercu- 
lous animal as observed in the limg after 24 hours is the same as in the 
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liver, but more intense. Alveolar phagocytes play a more important 
role in the reaction of the reinfected than of the normal animal. 

Findings aflcr 1 Week . — 

Reinjection with Human Strain. — One isolated tubercle 4 mm. in diameter re- 
mained in the lung of No. R 17. 6 colonies were cultured from an area that 
grossly appeared unaffected, but microscopically showed rare nodules up to 320 
micra in diameter. These were often situated in alveolar spaces. They were com- 
posed of a core of j^oung and mature epitlielioid cells, or a rare giant cell, often 
containing carbon particles and frequently surrounded by a ring of mononuclears, 
polymorphonuclears and Ijunphocytes (Fig. 8). Some nodules were less mature 
and mitoses of mononuclears were seen about them. No. R 18 showed smaller 
and more mature tubercles probably due to reinfection. There were cavities in the 
base of both lungs. 61 colonies were isolated. 

No lesions were visible in the gross in the lung of No. R 19. 40 colonies, appar- 
ently due to the reinfection, were isolated. The tubercles were from four to sk 
times more numerous than in Rabbit R 17 and were considerably larger, a few as 
large as 500 micra. The accumulation of mononuclears about tubercles was 
much more conspicuous and diffuse, and mitotic figures were more frequent. Some 
of the larger tubercles showed the first stages of caseation (Fig. 9). The lymph 
follicles were not affected. Tubercle bacilli could not be seen histologically. 

Reinjection with Bovine Strain. — There were two residual tubercles in each lung 
of No. R 45. 70 colonies were isolated. The lesion was essentialb’^ the same as in 

No. R 19 but more extensive. Here too caseation was found in a larger tubercle. 
The lymph follicles remained intact. No tubercle bacilli were seen. There re- 
mained very extensive primarj'- lesions in the lung of No. R 44; 30,000 colonies were 
isolated. No lesions due to reinfection could be distinguished. 

Primary Injection with Human Strain. — 48 and 50 colonies respectively were 
isolated from the lung of Nos. R 3 and R 4. There were very rare nodular collec- 
tions of mononuclears with hyperchromatic nuclei, with occasional mitosis at tlie 
periphery. Within these nodules were one or two cells with abundant cytoplasm 
and vesicular nuclei, sometimes containing two or three tubercle bacilli (Fig. 7). 
The l 3 'mph follicles were hypertrophied, showing a moderate number of mitotic 
figures. Occasionallj’’ they contained several aggregations of large cells, in which 
acid-fast particles were found. 

Primary Injection with Bovine Strain. — The mononuclear nodules were larger and 
more frequent in Rabbits R 31 and R 37. Polymorphonuclears persisted in them. 
Bacilli were found within the mononuclears. No direct culture was obtained. 

One week after a first inoculation there are minute interstitial 
nodules of mononuclears in the lung. After reinfection tubercles are 
formed; they are frequently situated in the alveolar spaces, and the 
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of phantom-like vacuolated epithelioid cells, the lung after reinfection with the 
human type was free from lesions due to exogenous reinfection. 10 and 20 colonies 
respectively were isolated from Rabbits R 22 and R 24. From Rabbits 48 and SO, 
reinfected with the bovine bacillus, 10 and 60 colonies respectively were isolated. 
The residual tubercles were more numerous and their disintegration less far ad- 
vanced. Frequently microscopic tissue defects had resulted from the disintegra- 
tion of the epithelioid cells. 

Two weeks after reinfection resolution of tubercles in the lung is 
beginning with the human type, and wth both types the bacilli have 
largely disappeared. With the bovine type this process of disintegra- 
tion is not conspicuous until the 4th week. 

Although this is usually the fate of the bacilli of reinfection and the 
lesions to which they give rise in the lung, occasionally considerable 
multiplication of the bovine bacillus is found in this organ. This is 
illustrated in Rabbit R 53. 

X-ray examination of the lungs before reinfection showed no tuberculous lesions. 
When the rabbit was killed 6 weeks after reinfection there were uniformly distrib- 
uted discrete tubercles 1 to 3 mm. in diameter, some with punctate caseous cen- 
ters. 540 colonies with the dysgonic characteristics of the bovine t 5 q)e were iso- 
lated, Microscopically the lesions were of two types. In one interstitial tubercles 
were surrounded by a heavy ring of l5Tnphocj’^tes, which together with ingrowing 
capillaries permeated the tubercles (Fig. 14). There were giant cells at the periph- 
ery. There were no tubercle bacilli and there was no caseation in such tubercles. 
Some of them were resolving. The larger and less frequent lesion was of combined 
interstitial and intraalveolar nature. Verj'^ rarely an isolated tubercle bacillus 
was seen in the neighborhood of minute foci of caseation. Infrequent mitotic 
figures were observed amongst the mononuclears infiltrating the septa about the 
pneumonic foci. Here there were many giant cells. By far the greater part of the 
parenchyma was free from tuberculosis. The lymph follicles were unaffected. 

By contrast in a normal animal similarly infected most of the parenchyma was 
consolidated by conglomerate tubercles with extensive foci of caseation. Caseous 
pneumonia predominated, and the advancing edge of the focus was a mass of 
mononuclear cells with frequent mitoses (Fig. 13). Tubercle bacilli w'ere found 
throughout the lesion but were especially numerous in the pneumonic areas. 
L 3 TOphoc 3 ^tes did not surround or infiltrate the tubercles to any extent. The intra- 
pulmonary lymph follicles were largely replaced by tuberculous tissue with central 
foci of caseation. 12,500 colonies were isolated from this lung. 

It is evident that with the complete disappearance of the primary 
lesion bovine bacilli may persist in moderate numbers in the lung even 
6 weeks after reinfection in small localized pneumonic areas with 
slight foci of caseation about which mitosis of mononuclears has not 
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Strain that was used for the primary infection or anotlier, even if of 
more virulent type. Furthermore, the more extensive the primary 
lesion the more rapid and complete the destruction of these bacilli and 
the less conspicuous and more ephemeral the lesions caused by them. 
Yet these residual lesions in the lung and kidney themselves may 
harbor innumerable bacilli of the first infection, and may gradually 
extend until the whole organ is almost completely destroyed. A cor- 
relation between liistological changes and the fate of bacilli in these ani- 
mals indicates that there is no incongruity between this demonstrated 
immunity to the more virulent bovine bacillus of reinfection and the 
persistence and continued multiplication of the less virulent human 
type bacilli in the residual primary lesions. This is illustrated by 
Rabbit 44. 

X-ray examination of the lung before reinfection with bovine type bacilli showed 
an extensive disseminated tuberculosis. 1 week after reinfection the animal was 
killed and 30,000 colonies of eugonic (presumably human) type were isolated from 
the relatively unaffected part of the lung. In the gross there was an extensive 
pulmonary tuberculosis with pus-containing cavities, and tuberculosis of the joints 
of all four extremities. Microscopically, the greater part of the lung parenclumia 
was consolidated by conglomerate foci of compact, homogeneous and ceU-free case- 
ous tissue in which tubercle bacilli were found with great difficult 3 ^ Here and 
there however there were caseous foci infiltrated with large numbers of both 
mononuclear and polymorphonuclear cells; the caseous material was broken up 
and often appeared as islands in a mass of p 3 daiotic dead cells. Here tremendous 
numbers of bacilli, at times in actual colonies, had accumulated, apparentb^' multi- 
plying in the softened caseous material (Fig. 15). The surrounding partially throm- 
bosed blood vessels occasionally showed tubercle bacilli. Some of these foci had 
broken into the bronchi (Fig. 16), and aspirated caseous material carr 3 dng large 
numbers of bacilli were seen tying free in the alveoli in the relatively unaffected 
parts of the lung from which the culture was made. Fresh foci of caseation sur- 
rounded by epithelioid cells in which there were bacilli in smaller numbers were 
also found in this location. 

From the liver, spleen and bone marrow 28, 69, and 12 colonies respectivety, all 
of the eugonic type, were isolated. Potymorphonuclears were conspicuous in 
these organs. Deeply staining acid-fast particles and hemoglobin pigment were 
found in the phagoc 3 dic mononuclears of these organs, which cells were at times 
seen in mitotic division. Rare minute epithelioid and giant cell tubercles were 
seen in them (Fig. 10). 

From tlie kidney 1,630 colonies of the same type were isolated. There was a 
large wedge-shaped lesion undergoing a process of softening similar to that in the 
lung. 

Similar observations were made in other rabbits of this series. 
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Thus the caseous foci in lesions of first infection undergo softening 
in a certain stage of their development. In these areas there are in- 
vading mononuclear and polymorphonuclear cells, which may undergo 
necrosis. Here there seems to be rapid and unhindered multiplica- 
tion of the bacillus. Disintegrating caseous foci rupture into the 
bronchi and tremendous numbers of living tubercle bacilli may be as- 
pirated into alveoli far removed from the original focus, there setting 
up fresh lesions, which in turn may undergo the same cycle and by 
tubular spread gradually cause the destruction of the organ. A similar 
process may take place in the kidney. 

As softening progresses blood vessels may be involved in the rapidly 
extending caseous process, and although thrombosis occurs in most of 
them bacilli may invade the blood stream, and may be distributed to 
the various organs as with primary intravenous inoculation. In the 
liver they induce an acute inflammatory reaction and many of them are 
destroyed by the Kupffer cells. These cells undergo mitosis and the 
remaining bacilli are destroyed by abortive tubercles as were the bacilli 
of exogenous reinfection. 

It is noteworthy that the tubercles were much more numerous and larger, and 
that there was no acute inflammation in the liver of No, R 45 (Fig. 4), a rabbit re- 
infected similarly to No, R 44 with bovine t>pe bacilli. There were slight, healing 
residual lesions in the lung and 31 colonies of the bovine type were isolated from the 
liver. In this rabbit therefore the bacilli are due to the exogenous reinfection of 
the previous w^eek. In No. R 44 however (Fig. 10), the infrequency of well formed 
tubercle in the liver suggests that the bacilli of exogenous reinfection of the previ- 
ous week were destroyed and left little if any trace of their presence, whereas the 
abundance of pol>Tnorphonuclear leucocytes and the cultural characteristics of the 
bacilli indicate that they are more recently derived from the pulmonary lesion of 
primary infection. 

That the bacilli that invade the various organs from the blood stream are there 
destroyed was clearly seen in Rabbit R 16. Here 24 hours after reinfection with 
human type tubercle bacilli only three colonies were cultured from the liver. No 
tubercle bacilli were obtained from the spleen. Nevertheless these organs con- 
tained several resolving epithelioid and giant cell tubercles, which must be attrib- 
uted to the presence of tubercle bacilli at an earlier period brought there by the 
blood from the primar>^ lesion, which showed areas of softening. 

It is plain that the moderate numbers of tubercle bacilli of first in- 
fection that reach the various organs by way of the blood stream are 
rapidly destroyed. But in the lung the immunity brought about by 



196 


LIVING TUBERCLE BACILLI IN ORGANS 


the first infection is overwhelmed by the massive seeding of bacilli from 
the aspirated material from softened areas. 

DISCUSSION 

From these observations certain inferences may be draw in regard 
to the nature of immunity in tuberculosis. On the basis of the demon- 
stration by animal inoculation that tubercle bacilli may persist in the 
lesions of reinfection Selter (7) has maintained that immunity to 
tuberculosis is not primarily due to the destruction of the bacilli of 
reinfection but to the tolerance of the tissue cells to the presence of the 
bacilli so that they fail to produce tuberculous lesions. Kalbfleisch (3) 
maintains that reinfected animals do not destroy tubercle bacilli more 
readily than the normal animal. Hedwal (8) has come to the same con- 
clusion. That tubercle bacilli may persist in the tissues in complete 
absence of even microscopic lesions has been established by munerous 
observers. With the cultural method, by whicli the numbers of bacilli 
present can be determined, it has been found that a rare isolated tuber- 
cle bacillus may remain in tissues in wliich no lesions are visible with 
the microscope. However it is clear from the observations reported 
here that the failure of development of lesions is associated with an all 
but complete destruction of the bacilli, wliich may be accomplished 
within 24 hours in the liver, spleen and bone marrow of the more resist- 
ant animals, with moderate quantities of tubercle bacilli of moderate 
virulence in the presence of extensive primary lesions. Witli the 
healing or disappearance of the primary lesion this immediate destruc- 
tion is less marked and the subsequent destruction of the bacilli is 
associated with the accelerated appearance of abortive tubercles. 
The degree of immunity to tuberculosis is therefore a function of the 
increased capacity of the tissue cells to destroy tubercle bacilli and 
varies directly with the extent of the primary lesion. However, the 
immunity is rarely sufficient completely to annihilate the micro- 
organism. 

In interpreting the cellular changes that accompany the increased 
destructon of the bacilh of reinfection one must bear in mind the suc- 
cession of cells that characterize inflammation in general, namely 
pnljunorphonuclears, mononuclears and lymphocytes, and also the 
conclusion drawn from former experiments (5) that the epithelioid 
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In the lung of normal rabbits 2 weeks after infection with the human 
type bacillus no caseation developed despite the presence of very much 
larger numbers of bacilli. The earlier appearance of caseation in tlie 
reinfected animal can be explained in part at least by tlie well known 
fact that the tubercle bacillus and its products destroy the cells of the 
tuberculous animal but leave unharmed the tissues of the normal ani- 
mal (8). 

It is noteworthy that the intrapulmonary lymph follicles remained 
intact in the reinfected animal even in the presence of the smallest 
degree of immunity, whereas in the normal animal they became the 
seat of extensive tuberculosis. This would indicate that most of the 
bacilli introduced intravenously into rabbits do not reacli the lymph 
follicles primarily as maintained by Krause, but are drained from foci 
in the lung parencliyma, as recently maintained by Vorwald (10). In 
the reinfected animal they are destro 3 ’’ed wherever they localize and 
few if any are carried to the tributary lymph nodes. 

The persistence of tremendous numbers of human type tubercle 
bacilli in the primary lesions of some reinfected rabbits and their 
gradual extension to the ultimate almost complete destruction of the 
organ despite the demonstrated immunity to tire more virulent bovine 
bacilli of exogenous reinfection, are due to the process of softening and 
cavity formation that overtakes the old caseous foci. There is a mas- 
sive accumulation of viable bacilli in the unorganized material of the 
softened areas, which leads to a rapid extension of the caseation and 
to tubular spread of tremendous numbers of bacilli (Fig. 16), wliicli 
overwhelm the existing immunity. By the same process these bacilli 
enter the blood vessels but owing to the rapid formation of thrombi 
only moderately small numbers invade the general circulation whence 
they are filtered and destroyed by the organs, like the bacilli of exog- 
enous reinfection (Fig. 10). 


CONCLUSIONS 

1. Immunity to reinfection is a function of the increased capacity 
of the mononuclear phagocytes to destroy tubercle bacilli and varies 
directly with the extent of the primary lesion; however it is rarely 
sufficient to annihilate completely the microorganism. This acquired 
immunit}'' is superimposed on the natural resistance of a given organ. 
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EXPLANATION OF PLATES= 

AU micropliotographs were made from sections stained by hematoxylin and eosin 
except those shown in Figs. 6, 8, 10, 15 and 16, which were stained by the Ziehl- 
Neelsen metliod and counterstained with hematoxjdin. 

Plate 10 

Fig. 1. Liver of Rabbit 2, 24 hours after a primarj' infection with tubercle bacilli, 
human type. 1 8 colonies were isolated. Swollen Kupffer cells and slight infiltra- 
tion of the sinusoids with polymorphonuclears. X600. 

Fig. 2. Liver of Rabbit 15, 24 hours after reinfection with tubercle bacilli, 
human type. 12 colonies were isolated. Slight residual primarj' lesions in the 
lung. Diffuse infiltration of liver sinusoids with polymorphonuclear and mono- 
nuclear cells, the latter with scanty cjToplasm. X600. 

Fig. 3. Liver of Rabbit 16, 24 hours after reinfection with tubercle bacilli, hu- 
man type. 3 colonies were isolated. Moderate primary residual lesions in tlie 
lung and kidney. Sharply circumscribed nodule composed of mononuclears with 
abundant cytoplasm; the poljmiorphonuclears are almost entirety absent. X600. 

Fig. 4. Liver of Rabbit 45, 1 week after reinfection with tubercle bacilli, bovine 
type. 31 colonies of the dysgonic tj'’pe were isolated. Slight residual primary 
lesion in the lung. Extensive formation of tubercles surrounded by numerous 
mononuclears. Xl40. 

Plate 11 

Fig. 5. Liver of Rabbit 34, 2 weeks after a primarj' infection with tubercle 
bacilli, bovine type. 380 colonies were isolated. An advancing tubercle with a 
core of epithelioid cells surrounded by extensive mononuclear infiltration. X200. 

Fig. 6. Liver of Rabbit 47, 2 weeks after reinfection with tubercle bacilli, bovine 
type. 1 colony in three specimens was isolated. Vacuolated Langhans giant cells 
in the portal spaces. X200. 

Fig. 7. Lung of Rabbit 4, 1 week after a primar}" infection with tubercle bacilli, 
human tj^pe. 50 colonies were isolated. A nodule of tymphoid mononuclear cells 
in a septum ; no mature epithelioid cells. X 200. 

Fig. 8. Lung of Rabbit 17, 1 week after reinfection with tubercle bacilli, human 
type. 6 colonies were isolated. Slight residual primary lesion. Mature epi- 
thelioid tubercle; no caseation. X200. 

* Approximate magnification is indicated for each figure. / 
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Plate 12 

Fig. 9. Lung of Rabbit 19, 1 week after reinfection vdth tubercle bacilli, human 
type, 40 colonies were isolated. No residual priman.^ lesion. Extensive tuber- 
de formation i^dth marked accumulation of mononudears about the tuberde and 
caseation in an early stage in the center. X200. 

Fig. 10. Liver of Rabbit 44, 1 week after reinfection vrith tubercle bacilli, bovine 
tj-pe, 28 colonies of the eugonic iypQ were isolated. Numerous caseous pus-con- 
taining ca\dties in the lung and tuberculosis of the joints. Hemoglobin pigment 
in a Kupfiter cell with mitosis of one of these just below and to the left of the Lang- 
bans giant cell; infiltration of sinusoids with mononuclear and pohunorphonuclear 
cells. X600. 

Fig. 11. Lung of Rabbit 34, 2 weeks after a primary' infection with tuberde 
bacilli, bovine tjpe. 1,200 colonies were isolated. Part of a large tuberde with 
massive accumulation of mononuclears with vei^" few epithelioid cells; caseation in 
an early stage is seen in the upper portion of the tubercle. X200. 

Fig. 12. Lung of Rabbit 46, 2 wrecks after reinfection with tubercle bacilli, 
bovine t>pe. 300 colonies of the eugonic t>pe were isolated. Regressive intra- 
alveolar tuberde surrounded and permeated b}" hnnphocj’tes. X200. 

Plate 13 

Fig. 13. Lung of Rabbit 37, 6 w'eeks after a primarj" infection with tubercle 
bacilli, bovine t>pe. 12,000 colonies were isolated. Extensive caseous interstitial 
tubercles surrounded by numerous mononuclears; caseous pneumonia is prominent. 
X200. 

Fig. 14. Lung of Rabbit 53, 6 weeks after reinfection with tuberde bacilli, 
bovine t>pe. 540 colonies of the dysgonic t>pe were isolated. X200. 

Fig. 15. Limg of Rabbit 44, 1 week after reinfection with tubercle bacilli, bo^dne 
type. 30,000 colonies of the eugonic t3pe were isolated. An area of caseous tissue 
imdergoing softening with numerous p^’knotic cells and large numbers of tubercle 
bacilli. X600. 

Fig. 16. Disintegrating caseous tissue in a bronchus from the same Ixmg as in 
Fig. 15. X600. 
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THE EFFECT OF ACIDS AND OTHER SUBSTANCES IN THE 
PRODUCTION OF ACUTE GASTRIC ULCERS* 
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(Received for publication, September 12, 1932) 

Gastric ulcers have been produced by many experimental methods 
but in very few instances have they shown any tendency toward 
chronicity. Numerous investigators have attributed to hyperacidity 
the power of converting acute into chronic ulcers. There are certainly 
many factors involved but none have been so consistently present as 
hyperacidity. The fact that a moderate number of ulcers have been 
recorded in which h3rperacidity was not present is evidence enough that 
other factors play important roles in the production of the condition. 
Since the etiology of ulcer is still not well imderstood we have at- 
tempted to study the problem experimentally. It is a problem of the 
first importance, not alone because of the dangers and disabilities 
caused by ulcer, but because this so often leads to cancer of the 
stomach. 

OEhaugbnessy (1) recently attempted to produce chronic ulcers in dogs by in- 
jecting histamine into the muscular layer of the stomach wall. In two instances of 
a large series he was able to produce ulcers which resembled the chronic forms seen 
in man. The same observation had been previously made by Bolton who used 
gastrotoxic serum and a similar technique. In the remaining experiments of his 
series, O’Shaughnessy was able only to produce acute ulcers and these healed 
rapidly. He suggests that histamine is more than likely an important factor in ul- 
cer production. The fact is well recognized that histamine is a powerful stimulant 
to hydrochloric acid secretion and although subcutaneous injections of histamine 
do not in themselves produce chronic ulcers, the local injection into the stomach 
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wall may, according to some observers, bring tliis about through an induced over- 
secretion of acid. 

In the experience of Iv 3 ^ (2) h 5 ^peracidity is not of great significance for the chron- 
icity of ulcer. However, many investigators have shown that instillations of h^^dro- 
chloric acid into the stomach and duodenum produce not only acute and chronic 
gastritis and duodenitis but also multiple erosions and acute ulcers. Gallagher 
found that when an element of trauma was added to the administration of acid by 
mouth, chronic ulcers could be produced. 

More recently, the importance of acid in tlie production of ulcer has been dis- 
cussed by Lindau and Wulff (3) who have been able to corroborate Buchner’s 
finding that ulcers arise in the areas of activit}^ of gastric juice, whereas the area of 
production possesses by nature a relatively high power of resistance. Ulcers rarely 
occur in the area of the fundus glands; they are usually found in the region of the 
P 3 doric glands. From their survey Lindau and Wulff conclude, that “in the bio-* 
cliemical theor}^ we have an exceeding^'' good explanation of the nature as well 
as the location of the peptic lesions with ulcer formation, confined to the eso- 
phagus, cardia, area of the p^doric glands, duodenum, jejunum (postoperative^) 
and in MeckeTs diverticulum. Ever^^-where the lesion is to be found in the area of 
activity of h^^drochloric acid.^^ 

Ivy and Shapiro (4) in 1925 were able to produce acute ulcers of the stomach in 
dogs and rabbits on the basis of local anaph^daxis to foreign proteins. In a later 
series of experiments (5) the}^ describe in detail their method of producing ulcer. 
The}^ emplo 3 ^ed egg albumin, beef protein, oat protein, horse serum, edestin, squash 
and other substances and found that when these substances were injected into the 
stomach wall without previous sensitization no ulceration resulted, but when pre- 
viously sensitization had been carried out with the respective sensitizing proteins, 
ulcerations were found at the site of injection in the stomach. The 3 ^ also noted 
that the healing times of the ulcers were not affected by the gastric acid. On the 
other hand, Bolton (6) maintains that the acid of the gastric juice is the chief 
damaging factor to a devitalized portion of the stomach, and where motor insuffi- 
cienc}’' occurs, the effect of the acid is more marked and the healing of acute ulcera- 
tions is definitely delayed. Although Bolton emphasizes the fact that h 3 q)er- 
acidit}’^ is concerned as a factor in the pathological process of an ulcer, 3 '’et he main- 
tains that proof has never been afforded that an ulcer gives rise to hyperacidit 3 ^ 
Dragstedt (7), after producing ulcers in Pavlov pouches in animals by the local 
injection into the stomach wall, of 4 per cent silver nitrate, concluded that 
acidity had no effect upon the healing time of acute ulcers. 

Alethods 

In our experiments we tested the effect of injections of various substances into 
tlie muscular coat of the stomach and their relation to the production of h 3 q)er- 
acidit 3 ’' and acute ulcers. 

The following materials were injected: sterile water, normal salt solution, glu- 
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cose 50 per cent, skimmed milk, whole milk, lipo-protein (the commercial prepara- 
tion, omnadin was used), lipiodol, bismuth subcarbonate, pituitrin S., 5 per cent 
casein (the commercial preparation, activin, was used), histamine, adrenalin, 
instilin, 0.3 per cent hydrochloric acid, 0.5 per cent hydrochloric acid, 1 per cent 
hydrochloric acid, 10 per cent hydrochloric acid. 

It will be seen that substances representing fats, carbohydrates, proteins, metals 
and other chemicals were used in tests of their local effects. It was thought that 
perhaps chemicals of certain structure might act more specifically than others in 
producing gastric defects. As control, the effect of trauma alone was noted. 

Determinations of the gastric acidities were made following histamine stimula- 
tion. It is important to call attention to the fact that the average acidities in 
most of our dogs following this stimulation varied but little. Even after the injec- 
tion of substances into the stomach wall, no changes in acidity were noted. The 
resistance of the gastric tissues to the injected material varied considerably in 
different dpgs. Where the dog is well nourished, its resistance is likely to be far 
better than in the underfed animal. Low’ered resistance is recognized to be con- 
ducive to ulcer formation. 

The dogs were operated upon xmder ether anesthesia. The stomach was ex- 
posed through a right rectus incision, care being taken to prevent imnecessary 
trauma. Injections of 0.5 cc. of various substances were made into the muscular 
coat of the lesser curvature using a hypodermic needle of ver^'' small guage. In a 
few instances the greater curvature was selected for injection. The injections were 
made through the serosa, the stomachs not being opened. We made certain that 
the injected materials were placed in the muscular coat not only b}*' the resistance 
offered to the needle but also by the bulge which appeared after each injection 
and in the case of lipoidol and bismuth by x-ray verification- The area injected 
was marked exactly by the placement of a colored bead. The beads were attached 
only to the serosa and care was always taken not to include any of the deeper 
structures. The lesser curvature was the site most frequently selected in these 
experiments since it is the favorite area of tilcer formation. In some instances, 
however, the greater curvature was selected and it is of interest to note (1) the dif- 
ference in the resistance of the muscle layers to the hypodermic needle, and also (2) 
the difference in rapidity of diffusion of the injected substances in the two areas. 
In other words, it was found that the greater curvature offered less resistance and 
allowed the material to diffuse much more rapidly. 

Utilizing the method of multiple injections for the detection of h>q)ersensitivity 
to certain substances, just as in the case of the skin, we injected as many as four 
different materials into the stomach wall of the dog, placing them so that they did 
not interfere with one another. For example, two injections were made on the 
anterior wall and two on the posterior wall, each separated from the other by a 
considerable area. Colored beads were again used, each substance being repre- 
sented by a distinct color. This made identification relatively simple. 

The dogs wxre fed on the ordinary' laboratory' diet and there was no interference 
with their usual habits. Vilutn acid was administered, this was done through a 
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stomach tube. The animals were eventual!}' killed with ether and autopsies were 
performed as routine. The stomach, after complete removal, was opened along 
the greater curvature and spread out. The mucosa was examined with meticulous 
care and the injected area corresponding to the bead, which was easily identified, 
was located and excised with a wide margin. Histological studies were then 
made. 


EXPERIMENTAL 

Under histamine stimulation numerous gastric analyses were per- 
formed in a large series of dogs and an average normal acidity estab- 
lished. Repeated examinations showed but slight variations from this 
average except in some instances in which excessive mucus was present. 
Instances in which this was the case were not included in obtaining the 
average normal. 

After the injection of various substances into the stomach wall, 
gastric analyses were made at frequent intervals. AVe were unable to 
demonstrate any tendency toAvard hyperacidity, the average normal 
being about the same. Even after the formation of an acute ulcer, no 
increase in the acidity was observed. 

Trauma . — ^As controls, beads were placed over areas traumatized by 
a threaded needle which was passed through the serosa. Upon subse- 
quent examination the stomachs were found to be normal in every 
respect. 

1. Sterile Water . — ^For this experiment four dogs were utilized. 
0.5 cc. of sterile water was injected into the muscular coat of the lesser 
curvature of the stomach. After 17 days, two of the dogs were killed 
and on macroscopic examination the mucosa was found to be normal. 
This observation was verified by lustological studies. The other two 
dogs were killed after 22 days, after having been fed 1100 cc. (60 to 120 
cc. q. d.) of 0.3 per cent hydrochloric acid. This additional adminis- 
tration of acid did not produce any change in the end-result, since both 
microscopic and macroscopic examinations were negative. 

2. Normal Salt Solution . — ^The experiments performed with sterile 
water were repeated, using normal (physiological) saline. The results 
obtained were also found to be normal. 

3. Glucose {50 Per Cent) the use of this agent the findings 

were exactly similar to those obtained after the injection of sterile 
water and saline solution. 
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days and revealed no gastric changes at autopsy. After 21 days, two 
dogs w^ere killed and whereas macroscopic examination showed a slight 
redness and edema, the microscopic examination revealed a normal 
mucosa with only shght submucosal edema. After 25 days one dog 
was killed and similar findings were noted. The remaining dog was 
fed with hydrochloric acid, receiving 750 cc. of 0.3 per cent hydro- 
chloric acid in small doses of 15 cc., and being killed after 15 days. 
Macroscopically, no abnormalities were observed but microscopically 
slight submucosal edema was found. 

10. Activin (5 Per Cent Casein ). — Six dogs were used. One died 
after 4 days and revealed no gastric changes at autopsy. In two dogs 
killed after 21 days, tlie mucosa was found to be normal except for 
slight redness over the injected area; the submucosa showed slight 
edema; other\vise, no abnormalities w^ere noted. In one dog killed 
after the 25th day, a slight mucosal erosion was noted on both macro- 
scopic and microscopic examinations of the stomach. In addition, 
vascular engorgement and submucosal edema were observed. Two 
dogs were fed with acid; one received 765 cc. of 0.3 per cent hydro- 
chloric acid in small doses, and when killed on the 15 th day, presented 
no gastric changes. The other, killed on the 14th day after having 
been fed with 350 cc. of diluted hydrochloric acid, likewise showed no 
pathological changes. 

11. Histamine . — Six dogs were used. One died after the 4th day 
and revealed no gastric changes at autopsy. Thvo dogs, killed after 
21 days, presented a normal gastric mucosa and a pronounced sub- 
mucosal edema. In another dog, killed after the 25th day, there was 
found a small healed ulcer which on microscopical study revealed a 
shght mucosal erosion with infiltration of polymorphonuclear leuco- 
cytes and mononuclear cells in the stroma between the glands, engorge- 
ment of the blood vessels and moderate submucosal edema. In two 
other dogs, fed respectively with 350 and 765 cc. of 0.3 per cent h 3 '^dro- 
chloric acid, there were no macroscopic nor microscopic changes after 
14 days. 

12. Adrenalin . — Three dogs were used. In one dog, killed after 
25 days, there was found on macroscopic examination a small con- 
gested area and on microscopic examination an infiltration between the 
glands, moderate engorgement of bloodvessels and submucosal edema. 
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In the other two dogs, killed after 21 days, the mucosa was found to 
be normal and the submucosa slightly edematous. In each instance 
macroscopic swelling of the tissue corresponding to the injected area 
was observed. 

13. Insulin, — ^Three dogs were used. One dog died after 4 days, 
and showed no gastric changes at autopsy. Two dogs were fed with 
0.3 per cent hydrochloric add, 350 and 765 cc. respectively, and re- 
vealed no microscopic nor macroscopic changes. 

14. 0.3 Per Cent Hydrochloric Acid. — ^Nine dogs were utilized in this 
experiment. In two dogs 0.5 cc. of 0.3 per cent hydrochloric add was 
injected into the muscular layer of the lesser curvature of the stomach. 
These were killed after 16 days and on macroscopic and microscopic 
examinations no abnormalities were noted. After the injection of 0.5 
cc. of 0.3 per cent hydrochloric add into the muscular layer of the 
stomachs of three other dogs, they were, in addition, fed with 30 cc. of 
0.3 per cent hydrochloric add twice daily for 15 daj’s. In two of 
these, definite small mucosal ulcers were noted and in the other no 
macrosopic nor microscopic changes were observed. As a check on 
these findings two other dogs were injected and fed with 0.3 per cent 
hydrochloric add. After 12 days of this treatment the dogs were killed. 
One showed a definite small ulcer filled with necrotic tissue and leuco- 
cytes. In the other, the mucosa was found to be normal and the sub- 
mucosa showed a moderate edema. In two dogs, 0.5 cc, of 0.3 per cent 
hydrochloric add was injected into the muscular coat of the anterior 
aspect of the greater curoaitire near the pyloric antrum. On the 16th 
day these dogs were sacrificed and examination disdosed no abnormal 
changes. These dogs were not fed with add. 

15. 0.5 Per Cent Hydrochloric Acid. — ^Two dogs were utilized. These 
dogs were not fed with add. On the 9th day they w^ere killed. In 
one, a definite deep iilcer was noted surroimded by an indurated edge. 
Microscopically the ulcer was surroimded by leucocytes and fibrin. 
The base was found to be infiltrated dovni to the muscular coat. The 
other showed a definitely thickened area but no ulceration nor erosion. 

16. 1 Per Cent Hydrochloric Acid. — ^Eight dogs were utilized in this 
experiment. Two were killed after the 9th day. No add was fed to 
these dogs. In one of them, the macroscopic examination revealed a 
perforated ulcer walled off by omentum. ^Microscopically, the per- 
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forated ulcer was found to be surrounded ^vitll inflammatory exudate. 
In the other there was found a definite ulcer of the penetrating type 
verified by both macroscopic and microscopic examinations. In two 
dogs the injection of 0.5 cc. of 1 per cent hydrochloric acid was made 
into the muscular coat, on the anterior aspect of the greater curvature 
near the pyloric antrum of tlie stomach. On the 12th day these dogs 
were killed and no abnormal changes were observed. In the four re- 
maining dogs, the injections of 1 per cent hydrocliloric acid were again 
made into the muscular coat of the greater curvature. They were 
lulled on the 17th day. One of these revealed a perfectly normal 
mucosa, while in tliree, definite penetrating ulcers were observed. 
In this series of experiments the animals had not been fed with acid. 

When higher concentrations of HCl are employed (c.g. 10 per cent), 
either by introduction into the viscus or injection into the muscular 
coat, destructive effects are displayed which lead to perforating ulcers. 
The lesions are of acute character and should not be confused with the 
chronic ulcerating processes in human cases. 

The Effect of Histamine Given Subcutaneously . — ^Acute ulcers were 
produced in four dogs by the direct injection of 1 per cent hydrochloric 
acid into the muscular coat of the stomach. It was thought that his- 
tamine given subcutaneously might cause the acute ulcer to become 
chronic by maintaining a maximum secretion of acid or by the toxic 
effect of the excessive amounts of histamine administered. To that 
end the four dogs were given 0.5 mg. of liistamine subcutaneously, one 
to three times daily. One dog died 23 days following the production 
of the ulcer after receiving 54 injections of histamine. Autopsy dis- 
closed a large penetrating punched out ulcer of the acute t 3 ^e. In the 
three remaining dogs which were killed on the 95tli day after receiving 
146 injections, autopsy revealed no ulcer in two and in the other a very 
superficial erosion was noted. In a second control group of four dogs 
acute ulcers were produced in the same way but in these no histamine 
was administered and small healed ulcers were observed in each in- 
stance probably illustrating the fact that subcutaneous injection of 
liistamine did not have a significant influence upon the production of 
chronic ulcers but on the contrary seemed to favor complete healing. 
Despite the small number of dogs the results obtained pointed clearly, 
it seemed to us, to the fact that histamine given as described had no 
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pronounced effect upon acute ulcers. It is interesting that even after 
the continuous use of histamine over a long period of time the acidities 
■were not markedly affected and the relationship between ulcer, healing 
ulcer, scar and acidity was too variable to be of any significance. 

We are greatly indebted to Doctor Hugh R. Spencer of the Depart- 
ment of Pathology for his helpful ad'vice and for his histological studies 
of our specimens. 


DISCUSSION AND SUiQIAEY 

Although other investigators have attempted to demonstrate that 
histamine has the power of producing acute ulcers when injected locally 
into the stomach waU, our experiments show clearly that this is a very 
inconstant finding for, of six instances, we were only able to obtain a 
small healed mucosal ulcer in one. Even when dilute acid (0.3 per 
cent hydrochloric acid) was fed to these animals they did not develop 
ulcers or erosions. It has also been stated that histamine, given 
subcutaneously, may produce ulcers secondarily to oversecretion of 
acid, especially when at the same time histamine has been injected 
into the stomach wall. We have been tmable to confirm this 
observation. 

In our series of experiments on dogs which were observed over a 
varying period of time ranging from 4 to 95 days we utilized other 
substances in addition to histamine. After establishing controls, 
sterile water, normal saline, 50 per cent glucose, skimmed milk , whole 
rtulk, omnadin, Upiodol, bismuth subcarbonate, pituitrin (S.), activin, 
histamine, adrenalin and insulin were injected into the muscular coat 
of the stomach and it was found that such procedures rarely produced 
any definite changes in the stomach mucosa even when supplemented 
by the feeding of dilute hydrochloric acid (0.3 per cent hydrochloric 
add). We were able to demonstrate condusively that the trauma 
involved in our operative procedure could not in itself account for any 
of the pathological findings. We were also able to show that the pres- 
sure due to the injected materials did not produce erosions or ulcera- 
tions. The injections of adds produced varying results. Diluted add 
(0.3 per cent) injected into the stomach wall gave almost imiformly 
negative results but when combined -nith the feeding of acid of equal 
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strength, erosions were occasionally produced. Our results with 0.5 
per cent hydrochloric acid were also inconstant. The 1 per cent hydro- 
chloric acid produced, in many instances, definite ulcerations even 
when not accompanied by the feeding of acid. 

CONCLUSIONS 

1. The various substances utilized in these experiments when in- 
jected into the muscular coat of the stomach wall did not have any 
significant relationship to the production of ulcer. 

2. Weak solutions of hydrochloric acid had no corrosive effect 
upon the gastric mucosa and rarely produced ulceration when injected 
into the muscular coat of the stomach. Stronger solutions produced 
definite ulcerations. 

3. No relationship could be demonstrated between the injection of 
various substances into the stomach wall and the production of 
hyperacidity. 

4. The prolonged use of histamine administered subcutaneously was 
not a factor in the production of chronic ulcers even after 1 per cent 
hydrochloric acid was injected into the muscular coat of the stomach. 
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EXPLANATION OF PLATE 14 

Fig. 1. A perforated ulcer, walled off by peritoneum, produced by the injection 
of 1 per cent hydrochloric acid. The dog was killed on the Sth day. 

Fig. 2. A small penetrating ulcer, deep puckered tj^pe, ivith thickened elevated 
edge. Mucosal folds converge towards the ulcer. This ulcer was produced by 
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the injection of 1 per cent h 3 ^drocBloric acid into the wall of the stomach. The 
dog was killed on the 19th day. 

Fig. 3. Deep punched out ulcer of penetrating type, extending down into the 
muscularis produced after the injection of 1 per cent dilute hydrochloric acid into 
wall of stomach, follo\\dng daily subcutaneous injections of histamine over a period 
of 23 days. This occurred in only one dog of the series. In another dog only a 
small mucosal erosion was encountered, while in two dogs a perfectly normal mu- 
cosa was found. 
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present communication to present the results of the studies made on 
tlie tissues of the central and peripheral nervous systems of many of 
these rats. 


Experimental Procedure 

Diet Employed . — All the animals used in this study, with the exception of certain 
controls, were placed on an artificial ration deficient in vitamin A when 21 to 24 
daj’^s of age. The composition of the ration was: 


per cent 

Casein 15-18* 

Corn-starch 56-63* 

Crisco 18-22* 

Osborn-Mendel Salt Mixture IV 4 


* It was found that the animals ate better when the proportion of the various 
constituents of the diet was changed weekl}?' or biweekly. This was done within 
the limits indicated in the table. 

The vitamin B complex was supplied in the form of 3 ^east in quantity calcu- 
lated and found by practice to be sufficient for the needs of this animal. Vitamin 
D was supplied in the form of irradiated ergosterol or irradiated yeast. Vitamin 
E was present in sufficient quantity in the crisco; vitamin C is apparentl}^ not needed 
by the rat. 

Material Skidied and Technic Employed . — ^The nervous systems of a total of 
twenty-three animals were examined. The animals were grouped into seven 
classes in accordance with conditions of experiment to be specified for each group. 

Blocks of the brains and spinal cords were fixed immediately upon removal from 
the animals in 95 per cent alcohol, in a solution of formaldeh 3 ^de, U.s.P. (1:10), 
and in Muller's solution. The brachial plexuses, the sciatic and vagus nerves of 
each animal were fixed in Muller's and in formaldehyde solution, as were the optic 
nerves from five of the rats in Group A. The alcohol-fixed material was embedded 
in celloidin and stained by the original Nissl method (toluidine blue). The for- 
maldehyde-fixed material was stained for fat b}'’ the Scharlach R method and for 
the demonstration of myelin sheaths by the Spielme 3 ^er method. The material 
fixed in Muller's solution was stained TOth osmic acid, embedded rapidly in cel- 
loidin and sectioned at 30 microns. In many instances the spinal cords were 
sectioned longitudinall 3 ^ as well as transversel 3 ’‘,. and an average of four blocks at 
different levels were taken from each cord. About ten sections in serial were cut 
from each block and mounted for histologic examination. 

RESULTS 

On gross examination no abnormalities were found in the brain, 
spinal cord or peripheral nerves of any of the animals. 
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In none of the animals except Rat 76 (Group A) were there any 
lesions in the hram demonstrable microscopically by any of the stain- 
ing methods. In that animal the ventral pontile nuclei contained 
many vacuolated nerve cells in the Nissl preparations, but the Spiel- 
meyer, Marchi and Scharlach R preparations were negative. 

None of the optic nerves examined showed any pathologic change 
grossly or microscopically. 

Group A. Nine Rats on Diet Deficient in Vitamin A, from Mothers o?i Diet of 100 
Per Cent Calf Meal during Pregnancy and Lactation . — 

Rat, 65, — ^This animal was on the special diet for a total of 54 days and had 
paralysis for a period of 20 days, at the end of which time it died. Its maYimnm 
weight was 81 gm., but at necropsy it weighed only 65 gm. 

Nissl preparations of the spinal cord showed swelling and cytolysis of the an- 
terior motor horn cells, but there was no increase in the glia. In the Marchi 
preparations there was much black pigment deposition at the points of entrance 
of the posterior nerves into the cord. Somewhat less pigment was scattered in the 
posterior columns and was also present in an irregular manner aroimd the periph- 
ery of the cord. Much degeneration was present in the posterior nerve roots 
and to a somewhat less degree also in the anterior roots. Scharlach R and Spiel- 
meyer preparations of the spinal cord showed no degeneration. The vagus and 
sciatic nerves and those of the brachial plexus showed degeneration of an equal 
degree by all the staining methods (Fig. 2). 

Rat 71, — This animal was on the special diet for 44 days and was paralyzed for 
9 days, when it was kdled. It had lost 14 gm, of weight from a maximum of 81 gm. 

The anterior motor horns contained swollen, chromatol>^ic nerve cells. There 
was no proliferation of glia. Marchi preparations showed numerous black granules 
on the periphery of the ventral side of the cord and only a few granules in the 
posterior columns. Granules were absent in the nerve roots. Scharlach R and 
Spielmeyer preparations of the cord showed no myelin degeneration. The periph- 
eral nerves were the seats of extensive demy elinat ion (Figs. 1 and 3). 

Rat, 7Z — ^This rat was on the special diet for a period of 72 days and was para- 
lyzed for 33 days, when it died. Its maxi m u m weight was 102 gm. and at necropsy 
it weighed but 77 gm. 

A few ganglion cells in the anterior motor horns of the spinal cord showed 
chromatolytic changes. Marchi preparations of the cord wxre not made. Spiel- 
meyer stains revealed large clear vacuoles indicating degeneration on the margins 
of the cord. In one Scharlach R preparation there vr^s found a collection of fat 
droplets in the white matter. Extensive demyelination was demonstrable in the 
brachial ple.xuses and sciatic nerves by both the IMarchi and Scharlach R methods 
The vagi showed no involvement. 

Rat 7J.— This rat was on the artificial diet for 53 days and was parab^zed for 
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14 days, when it was killed. It had maintained its weight fairly constantly at the 
maximum of 76 gm. 

There were no changes in the spinal cord demonstrable by the Nissl technic, 
and March! preparations of the cord were not made. In the Spielmeyer stains 
there were present large clear vacuoles on the peripliery; Scharlach R preparations 
failed to reveal fat. By the latter staining method, however, one of the dorsal 
nerve roots was shown to contain an abundance of brilliant red particles. All the 
peripheral nerves, including tlie vagi, were strongly positive for fat by both the 
Scharlach R and March! methods (Fig. 4). 

Rat 7^.— The total experimental period of this animal was 73 days, during the 
last 30 days of which it was paralyzed. This animal had lost but 7 gm. in weight 
from a maximum of 103 gm. It was killed. 

The Nissl preparations of the spinal cord were negative. March! preparations 
of the cord were not made. By the Spielmeyer method there was once more ob- 
served a looseness of structure and vacuolization on the peripheiy. In this cord 
the vacuolization was also present symmetrically in the posterior columns. Schar- 
lach R preparations were completely negative. Degeneration of marked degree was 
demonstrated by the March! method in the sciatic nerves and to a less degree in 
the nerves of the brachial plexus. The vagi showed no degeneration by this 
method. The distribution of the myelin degeneration could be confirmed in the 
Scharlach R preparations. 

Rat 75 . — This animal was on the special diet for 55 days and showed symptoms 
of paralysis for 6 days, at the end of which time it died. Its maximum weight was 
120 gm. and at necropsy its weight was 108 gm. 

Nissl preparations of the cord were negative; March! preparations were not 
made. By the Spielmeyer method there could be shown vacuoles on the periph- 
ery, but no fat could be demonstrated by the Scharlach R stain. Fatty degener- 
ation of the myelin sheaths of the brachial plexuses and sciatic nerves were found 
in the Marchi and Scharlach R preparations. 

Rat 76 , — This rat was on the experimental diet for 71 days and was paralyzed 
for a period of 22 days, at the end of which it died. Its loss of weight amounted 
to 10 gm. from a maximum of 107 gm. 

A few anterior motor horn cells in the spinal cord showed chromatolytic changes 
and one glia rosette was present in the crossed pyramidal tract. In the Spielmeyer 
preparations the myelin sheaths on the periphery of the cord appeared spongy and 
vacuolated, but Scharlach R preparations did not disclose the presence of fat. In 
both Marchi and Scharlach R preparations there was present some fatty change in 
the brachial plexuses and sciatic nerves. The vagi were not examined. The 
Spielmeyer preparations confirmed the presence of degeneration observed by the 
other methods. 

_Xhe total duration of the experiment was 53 days and the animal was 
paralyzed the last 20 days of its life. This animal was killed, having lost no 
weight. 
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would support the view that the peripheral nerves were primarily 
involved, and that the demj’^elination continued to the spinal nerve 
roots from whence it spread to the spinal cord itself. 

Four of the nine animals of this group showed changes in the gan- 
ghon cells of the spinal cord that were described as swelling, cytolysis 
or chromatolysis. It becomes at once apparent from a glance at the 
histories of these animals that the neuronal lesions were in no way 
dependent on the duration of paralysis or on the loss of weight. The 
fact was brought to light, however, that tliese clianges occurred only 
in those animals which were necropsied after a lapse of several hours 
and not in those necropsied immediately after death. The same ob- 
servation was made subsequently in some of the otlier animals of this 
study. In passing, it must be mentioned that similar changes in nerve 
cells are produced when toluidine blue (or even thionin and cresyl 
violet) is used to stain tissue fixed in a solution of formaldehyde in- 
stead of 95 per cent alcohol. 

Group B. Two Rais on Diet Deficient in Vitamin A, frojn Mothers on Diet of 
Table Scrap during Pregnancy and Lactation . — 

Rat 122. — This animal was on the special diet for a total of 98 days and showed 
paralysis only on its last day of life. Its maximum weight was 122 gm. and at 
necropsy it weighed 96 gm. It was killed. 

Nissl preparations of the spinal cord were completely negative. March! prep- 
arations of longitudinal sections of the cord showed an exquisite picture of de- 
generation of the posterior columns, the motor tracts and the posterior nerve roots 
as they entered the cord (Fig. 6) . The anterior roots were likewise involved, but to 
a much less degree. Scharlach R preparations of the spinal cord were entirely 
free of fat. Large vacuoles were present in the posterior columns and at the 
periphery of the cord in the Spielme}’'er stain. A striking picture of degeneration 
of the myelin was seen in the peripheral nerves by tlie March! method. The 
Spielmeyer and Scharlach R preparations of these nen^es, however, were negative. 

Rat 125. — ^This animal was on the diet deficient in vitamin A for a period of 105 
days. It displayed signs of paralysis for a period of 20 days, at the end of which 
time it was killed. Its maximum weight was 196 gm. and at necropsy it weighed 
154 gm. 

The brain and spinal cord of this animal were not studied. Severe degeneration 
of the medullar}^ sheaths of the brachial plexuses and sciatic nerves was found in 
tlie March! stains, but the other staining methods yielded negative results. 

Comment 

It will be noticed that the two animals of this group, from mothers 
on a diet of table scrap which is adequate in vitamin A, developed signs 
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made of the cord. Definite but not verj’' extensive degeneration of the myelin 
sheaths of the peripheral nerves could be demonstrated by the IMarchi method. 
This finding, particularly in the sciatic nerves, was confirmed in the Spielmeyer 
and Scharlach R preparations. 

Rat 77.— Signs of paralysis appeared after 43 days on the special diet, and per- 
sisted up to the time the animal was killed, which was 29 days later. However, 
there was progressive improvement in the signs with the repeated administration 
of cod liver oil. 

Changes in the spinal cord could not be demonstrated by the Nissl method. 
Vacuolization of the posterior columns and peripher}’^ of the cord was pronounced 
in the Spielmeyer preparations. Although the vacuoles were demonstrable in 
the Scharlach R preparations, no fat was found. Marchi preparations of the cord 
were not made. A moderate amount of degeneration was found in the peripheral 
nerves by the Marchi method, but the other stains were negative. 

Rat 115 , — ^This animal failed to develop any signs of parah^-sis (its motlier was 
on a table scrap diet) after being on the special diet for 58 da 3 ^s. It was given 
cod liver oil, nevertheless, for a period of 12 days, at the end of which it was killed. 

The spinal cord was not examined. The peripheral nerves showed distinct but 
not v^ry extensive m^^elin degeneration in the Marchi preparations and to a less 
extent also in the Scharlach R and Spielmeyer preparations. 

Rat 205 , — This animal developed paratytic signs after 48 da 3 ^s on the diet, and 
these signs lasted for 30 da 3 ^s, to disappear after the administration of cod liver oil 
over a period of 20 da 3 ''s. The rat was killed 4 da 3 ’'s after the disappearance of the 
paralytic signs. 

The spinal cord appeared to be normal in the Nissl stains. In the Marchi 
preparations there was evidence of degeneration in tlie crossed and uncrossed 
pyramidal tracts, and to a slight extent also in the posterior columns and at the 
periphery of the cord (Fig. 8), Degeneration of one of the posterior nerve roots 
could be traced into the cord. In the Spielme 3 ^er stains there was found vacuol- 
ization in the zones corresponding to the black granules seen in the Marchi prep- 
arations. The Scharlach R preparations were entirely negative. IModerateh'' ex- 
tensive degeneration was found in all the peripheral nerves by the Marchi method. 

Rat 206 , — This rat developed paralytic signs after 52 days on the diet, and these 
disappeared at the end of 26 da 3 ^s following the administration of cod liver oil for 
a period of 22 days. The rat was killed 4 da 3 ^s after the disappearance of paralytic 
signs. 

Nissl preparations of the spinal cord revealed an entirety normal picture. In 
the Marchi preparations of cross-sections of the spinal cord there was found ex- 
tensive degeneration of the peripher 3 " and of one of the posterior columns (Fig. 7). 
At another level the crossed and uncrossed p 3 ’’ramidal tracts showed degeneration 
in addition to the sensory tracts. The degeneration could be confirmed in longi- 
tudinal sections of the cord. There was present some vacuolization in tlie Spiel- 
meyer preparations in those regions in which myelin degeneration was demon- 
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possibly be supposed that the anhnal would shortly have developed 
paralysis had it not been killed or given cod liver oil. 


Group E. Two Rats Fasted but Receiving Full Ration of Vitamins Including Cod 
Liver Oil . — 

Rat S74. — This animal received but 1 gm. daity of the diet deficient in vitamin 
A in addition to the full ration of vitamins including cod liver oil. It died at 
the end of 17 days without developing signs of paralysis and after losing S3 gm. 
in weight. 

There was a slight paleness at the peripher}' of the spinal cord but no vacuoliza- 
tion in the Spielmeyer preparations. The Scharlach R and Marchi preparations 
were entirely negative for myelin degeneration. The peripheral nerves presented 
an entirely normal picture by all the staining methods emplo3'ed. 

Rat S76. — ^This rat also received 1 gm. daib”^ of the special diet in addition to the 
full ration of vitamins including cod liver oil. It died at the end of 16 days on 
this diet without showing signs of paratysis and after having lost 58 gm. in weight. 

All the preparations of the spinal cord presented an entirely normal picture, 
the cord having been sectioned longitudinally and transversely. The peripheral 
nerves were free of degeneration except for one small zone in the Marchi prepara- 
tions, where a few black granules were found. 

Comment 

The anatomic findings in these two animals showed fairly conclu- 
sively that inanition itself was not a factor in the production of lesions 
in the nervous system. Moreover, the two rats in tliis experiment lost 
much more weight than any of the rats in the other experiments. It 
was shown by Woollard (8) and by Zimmerman and Burack (9) that 
demyelination of the peripheral nerves was present in animals that 
werestarvedexceptfor vitamin B, which was given in adequate amounts. 
It is noteworthy that these animals were at the same time deprived of 
vitamin A, which factor may have played an imporant role in the 
production of the lesions. 

Group F. One Rat on Diet Deficient in Vitamin A Supplemented with Cod Liver 
Oil. Mother on Diet of 100 Per Cent Calf Meal during Pregnancy and Lactation - 

Rat 64. — ^This animal was on the special regimen for 111 daj’s, during which time 
it increased its weight from 41 to 162 gm. At no time did it show paralytic signs. 

A complete investigation of the nervous system, central and peripheral, bj' the 
various histologic methods emploj^ed in this study revealed a normal picture 
throughout. 
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Comment 

That the artificial diet employed in this study when supplemented 
with an adequate amoimt of vitamin A was capable of maintaining 
rats in a good state of nutrition and did not cause nervous lesions even 
when fed over a long period of time, was shown by this experiment. 

Group G. Two Rais on Diet of Table Scrap, from Mothers on Same Diet , — 
Rats 164 and 165, — ^The first animal was killed when 89 and the second when 
90 days old. 

A complete investigation of the entire nervous system by all the histologic 
methods employed in this study revealed no pathologic changes. 

DISCUSSION 

The pathogenesis of lesions associated with vitamin deficiencies is 
not understood at the present time. According to some of the investi- 
gators mentioned previously, the lesions observed in animals fed diets 
rich in cereals and deficient in vitamin A are the result of injurious 
agents in the form of assumed “toxic substances” which act in the 
absence of a defending chemical substance like vitamin A. Since the 
diet employed in this investigation did not contain cereals, it is im- 
possible to attribute the lesions to substances contained in these foods. 
In this connection it is of interest to consider the experimental results 
of Burr and Burr (10, 11) who employed rats to observe the eiffect of 
feeding a diet poor in imsaturated fatty acids. Although they do not 
mention physiologic or anatomic evidence of lesions in the nervous 
system, they describe urinary symptoms and changes in the tail and 
skin which they regard as significant since the diseased conditions 
cleared up when unsaturated fatty acids were added to the diet. These 
investigators found that it was impossible to produce the changes w^hen 
com-starch was one of the components of the diet. Since the ration 
fed the rats employed in the investigation presented in this communi- 
cation contained com-starch and, moreover, since none of the rats 
developed symptoms like those described by Burr and Burr, it seems 
reasonable that one might eliminate the possibility of such a deficiency. 
Thus it seems that the diet employed in these experiments is adequate 
in all respects excepting its content of vitamin A. However, since we 
have no information which suggests a possible mechanism for the de- 
velopment of lesions in vitamin deficiencies, the question as to whether 
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their presence merely serves as a protective one cannot be answered 
at this time. Experiments are now in progress in this laboratory 
which we hope may yield results that will throw some light on this 
phase of the subject. 

With regard to the lesions described, it seems desirable to emphasize 
the importance of several staining methods. In the experience of the 
present writer, lesions of a degenerative nature in the nervous systems of 
experimental animals have so frequently presented difficulties of in- 
terpretation that it seemed fully justifiable to attempt to confirm them 
by the various staining metliods employed. This was calculated to 
give both a positive (in the Marchi and Scharlacli R preparations) 
and a negative picture (in the Spielmeyer preparations) of any possible 
degeneration in the medullary sheaths. Lesions of this kind wluch 
have been described in tliis communication have thus been confirmed 
by at least two methods of staining. 

SUMMARY AND CONCLUSIONS 

Under the conditions of these experiments, which consisted essen- 
tially of maintaining rats on a ration adequate in all dietary essentials as 
far as is known except vitamin A, the following clianges were produced 
in the nervous system. 

1. Degeneration of the medullary sheaths of the brachial plexuses 
and sciatic nerves, and less often of the vagus nerves. Such lesions 
were not found in the optic nerves. 

2. Degeneration of the medullary sheaths of the sensory tracts on 
the periphery of the spinal cord and in the posterior columns. Much 
less frequently similar lesions were found in both the crossed and 
uncrossed pyramidal tracts. 

3. Changes of the same nature in the posterior nerve roots and less 
frequentty in the anterior nerve roots of the spinal cord. Evidence was 
adduced to indicate that the changes in the sensory tracts of the spinal 
cord followed those in the posterior nerve roots. 

Witli the onset of muscular weakness and incoordination in these 
animals anatomic changes hke those just described were found at 
necropsy, but they were not present for any appreciable period pre- 
ceding the onset of tliese clinical signs. 

For a short but undetermined period following clinical signs of 
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Plate 18 

Fig. 9. Rat 78. Photomicrograph of transverse section of spinal cord. The 
vacuolated regions on the periphery corresponded to those containing black gran- 
ules in the Marchi preparations. Spielmeyer stain. X 40. 

Fig. 10. Rat 79. Photomicrograph of transverse section of spinal cord showing 
marked degeneration of the medullary sheaths in the posterior columns and on 
the periphery. Spielmej'er stain. X 35. 
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STUDIES ON THE ETIOLOGY OF SPONTANEOUS CONJUNC- 
TIVAL FOLLICULOSIS OF MONKEYS* 

I. Transmission and Filtration Experiments 
By peter K. OLITSKY, M.D., and JOSEPH R. TYLER 
{From (lie Laboratories of The Rockefeller InstiHile for Medical Research) 
(Received for publication, September 19, 1932) 

The Macacns rhesus monkey is ordinarily employed for experimental 
transmission of human trachoma and for study of the inoculation ef- 
fects of organisms derived from trachomatous tissues. There occurs, 
however, among certain stock monkeys, spontaneous conjunctival 
foUiculosis which may simulate the experimental disease induced by 
the inoculation of suspensions either of human trachomatous tissues 
or of Bacterium granulosis (1, 2). Nevertheless, as has been mentioned 
previously (1,3), it is possible to obtain reliable experimental results 
with trachomatous material by the selection of a nim als with clear con- 
junctivae, and their careful quarantine. 

Spontaneous conjunctival foUiculosis of monkeys was described by Hess and 
Romer in 1906 (4), They believed that it differed from experimental trachoma, 
as induced by inoculation of suspensions of human trachomatous tissues, in that it 
exhibited less numerous, smaUer, and more superficial follicles, with less destruction 
of epitheUum. They stated that while spontaneous foUiculosis did not resemble 
human trachoma, either clinically or anatomicaUy, experimental trachoma showed 
a close similarity to the disease in man. 

The spontaneous conjunctivitis was also known to Nicolle andLumbroso (3, 5) 
who reported in 1926 that by scarification of the palpebral conjunctiva of an 
affected eye, the lesions spread and after a short period of time foUicIes appeared 
in the conjunctiva of the other eye. The follicular contents, when inoculated into 
normal conjunctivae of fresh monke 3 ’^s, induced a similar reaction; yet these in- 
vestigators beUeved that there might be a “telluric” origin of the disease. 

Wilson (6), in 1928-29, failed to confirm NicoUe and Lumbroso’s finding of the 
spread of foUicles by mechanical means and suggested, on the basis of clinical 

♦ We owe many thanks to Dr. Ralph E. Knutti for his cooperation, especiaUy 
in the earlier stages of these inv'estigations. 
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experience, that the condition might not be telluric but infectious in origin. He 
studied fifteen monkeys of different species kept in the Zoological Gardens at 
Cairo, Egypt, of which twelve manifested foUiculosis in either of two forms: 
Type I showed simple, non-inflammatory, discrete follicles scattered over the 
palpebral conjunctiva and probably enlarged lymphoid nodules, and Type II 
“inflammatory” conjunctivitis characterized by viscid secretion and larger fol- 
licles which were at times hemorrhagic. In neither case were the follicles present 
over the tarsal plate. Wilson regards as criteria for the diagnosis of trachoma, 
the presence of follicles over the tarsal plate; their rupture eitlier spontaneously or 
on pressure; conjunctival scarring; and comeal pannus. In view of the fact that 
he found none of these signs in the spontaneous disease, he considered tlie latter 
not as trachoma but as foUiculosis. Yet he could make no histological distinction 
between the two in their early stages. 

Weiss (7) (1930) and Th 3 fgeson (8) (1932) also described spontaneous folliculo- 
sis, although Thygeson met with it in only three Macaais rhesus monkeys. The 
lesions were unaccompanied by signs of inflammation, their contents failed to 
infect normal monkeys, traumatism did not cause their generalization, and finally, 
the foUicles were rapidly absorbed, leaving the conjunctiva normal. The histo- 
logical structure of the spontaneous disease differed from that of experimental 
trachoma in being less pronounced in degree and giving rise to less cicatricial 
tissue and involvement of the tarsus. 

Our own observations have shown that foUiculosis, especiaU}'- T 3 "pe I of Wilson 
(6), is widespread among certain groups of animals received from dealers, par- 
ticularly those housed under crowded and unclean conditions. 

The foregoing review indicates that a divergence of opinion exists 
with respect not only to the cause of spontaneous foUiculosis but also 
to its clinical and pathological identity. We undertook its study with 
the aim of determining, if possible, tlie incitant. In this first paper we 
shall describe the clinical and pathological appearance of the sponta- 
neous disease and deal with the problem of whether it is disseminated by 
an infectious agent, and if so, under what conditions. The results 
here reported are based on observations upon over 250 Macacus rhesus 
monkeys. 

Types of Spontaneous Conjunctival FoUiculosis 

Confirming the observations of Wilson (6), we have found that spon- 
taneous foUiculosis may exist in two distinct forms. Type I, the more 
widespread, is characterized by the appearance of one or more dis- 
crete follicles usually situated retrotarsally, but also at any point in 
the palpebral conjunctiva except over the tarsus. The follicle of this 
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type is small, hard, shiny, and superficial. It is often transitory, as 
a rule lasting from 1 to 5 or 6 weeks. There is no other sign of in- 
flammatory reaction in the surrounding tissues. The lesions may be 
regarded, in accordance with Wilson, who made histological examina- 
tions, as a normal hypertrophy of preexisting lymph nodules of the 
conjunctiva. We have found, as he did, that mechanical manipulation 
of the lids does not induce generalization, or spread, of follicles and 
we have failed, like Thygeson, to transfer the affection to fresh monkeys. 

In our earlier studies on experimental trachoma, simple foiliculosis (Type I) 
was considered as without positive significance when found to occur in test animals. 
Olitsky, Knutti, and Tyler (9) state that ""a decision as to the positive or negative 
character of the results was rendered difficult by the mild follicular type of reaction 

which some of the animals exhibited Inasmuch as true experimental trachoma 

is progressive and persistent, only those reactions which endured for long periods 
of time could, on the basis of our present knowledge, be considered positive.^' 

It would appear, therefore, that this simple condition, which is 
readily recognizable and clearly differentiated from the other form of 
foiliculosis and from experimental trachoma, need not detain us. On 
the other hand, Type II, the lesions of w^hich are less commonly met 
with in nature and which have distinctly progressive and persistent 
reactions, is worthy of further study and has provided the subject of 
the present investigation. Therefore, aU reference to ^ffoUiculosis’’ 
henceforth relates to this Type II. 

Clinical Appearance, — ^The essential characteristics of spontaneous 
foiliculosis of Type II are slow progression with infrequent exacerba- 
tions, persistence, lasting usually throughout the life of the animal; and 
marked inflammatory reaction of the conjunctiva. 

In a fully developed case occurring in a stock animal, the disease 
ccomes evident only upon eversion of the lids. The upper and lower 
conjunctivae of both eyes are usually affected. At the inner canthus 
ere may be a drop or two of faintly yellowish, mucoid secretion, 
wh^ h ^ conjunctiva, including the area over the tarsal plate 

red ^ Involved, is congested and appears brownish 

structures are obliterated and there is considerable 
surfarp^ 'cning of the lid, especially the upper one. The entire 
covere by large, gre 3 dsh yellow, gelatinous follicles which 
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are often agglomerated into irregular masses. When pressed upon 
with a glass slide, they rupture and expel a greyish white, grumous 
material consisting chiefly of cellular elements. Occasionally the 
granulations are dark red and hemorrhagic. In some animals the 
lesions over the tarsus are smaller and more regular; in others this 
area appears only roughened and sandy. In well advanced cases the 
conjunctiva is thickened, the vessels are injected, large discrete and 
papilliform confluent folhcles are present in the palpebral conjunctiva, 
and the secretion is either diminished or absent. Neither pannus, nor 
defimte visible scars, ulcers, or pits are seen; but in many instances 
follicles appear on the bulbar conjunctiva. 

Histo pathology , — The epithelium is thinned out or denuded over most of the 
surface; but in some areas large goblet cell formation along with thickened epithe- 
liiun may be seen. A varj^ing degree, but never a marked one, of subepithelial 
cellular infiltration is visible, consisting chiefly of l3Tnphocytes together with some 
clasmatocytes and a few plasma cells. The follicle contains an outer zone of 
lymphocytes, beyond and among which are scattered plasma cells. The central 
area appears lighter, owing to the closely packed mass of clasmatocytes — cells 
with vesicular nuclei, without much chromatin, and with fairly clear, homogene- 
ous cytoplasm. The fresher lesions contain in the central area, besides clasmato- 
cytes, a few primitive connective tissue cells and monocytes. Mitotic figures are 
often present. There are fine bands of connective tissue surroimding the follicles 
with slender strands entering the latter. The lesion may be considered as a follic- 
uloma rather than a granuloma, for granulation tissue and giant cells are absent. 

Bacteriology . — ^Bacteriological examination of affected conjunctival 
tissue yields a variety of microorganisms. These vdll be described in 
a succeeding paper. At this point, however, we wish to remark that 
Bacterium granulosis (1, 2) has not been encountered in spontaneous 
folliculosis, although over 50 animals have been studied for the express 
purpose of isolating this microorganism.^ 

^ We desire to state here that in addition to several indifferent varieties of 
bacteria we have isolated and cultivated from spontaneous conjunctival folliculosis 
of monkeys a microorganism capable of reproducing the disease in normal monke3'^s. 
The organism in question is a minute, aerobic, activeW motile, encapsulated, 
Gram-negative bacillus, having a single (sometimes double), polar, long flagellum. 
The cultural and pathogenic properties of this new species of bacterium will be 
described in a subsequent paper. 
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T rans'inission Experivien 

Trunsinission by Inoculation of Tissue Suspensions, The conjunc- 
tival tissue of moiikeys having spontaneous foUiculosis 'was removed, 
prepared for inoculation, and injected subconjunctivally in the left 
upper lid of normal Macacus rhesus monkeys after the manner of 
Noguchi (2). The results were xmifonn in practically all cases* 
Within 24 hours after inoculation, marked acute conjimctivitis 
developed. This was accompanied by pronounced edema and consider- 
able thickening of the lid which extended so as to include 2 or 3 cm. 
of the cutaneous tissue over the outer canthus and the supraorbital 
ridge. Abscess formation rarely ocoured. After 5 to 7 days the 
acute process subsided but the eyelid still drooped and the skin pitted 
on pressure. On eversion, a definite greyish yellow discharge was seen. 
The upper conjunctiva was markedly roughened, edematous, hyper- 
emic, and purplish red in color. At this early stage large and small 
follicles were visible, the larger granulations appearing retrotarsally 
and the smaller ones over the tarsus, and the tortuous course of the 
preexisting blood vessels could be perceived. The remaining uninocu- 
lated conjunctivae exhibited congestion, slight edema, and roughened 
surfaces. After another week the upper and the two lower uninocu- 
lated conjunctivae showed the follicular reaction, whUe the inoculated 
lid became more markedly involved. From 14 to 21 days later, aU 
the conjunctival tissue exhibited the clinical and anatomical changes 
characteristic of the fully developed spontaneous foUiculosis observed 
in stock animals. 

The foUowing protocol summarizes the results of the tests. 

In the first instance individual suspensions of the conjunctival tissues of seven 
stock monkeys having foUiculosis were inoculated into twenty-four normal animals, 
two to four serving for each test. The tissue of the seven stock monkeys iuduced 
foUiculosis in twenty-two of the twenty-four monkeys employed. The material 
of an eighth affected animal was without effect in either of two monkeys. Thus, 
including this last mentioned exceptional result, of twenty-six monkeys inoculated 
with material from eight affected stock animals, twenty-two developed charac- 
teristic foUiculosis. 

The second test consisted of inoculations into normal monkeys of tissues derived 
from the experimentaUy induced lesions. By this means the follicular conjunc- 

^AU operative procedures were carried on with the aid of ether anesthesia. 



234 


CONJUNCTIVAL POLLICULOSIS. I 


tivitis was propagated through eight passages to date. The individual suspensions 
of tissues from thirteen monkeys with experimental folliculosis were injected into 
twenty-four animals— two for each case except in two instances, in which only one 
animal was inoculated and all twenty-four showed marked, characteristic con- 
junctival folliculosis. 

Transmission by Sivabbing Secretions on the Conjunctiva . — 

In still another experiment, a cotton swab was applied to the lesions of an 
affected stock monkey and the secretion thus secured transferred directly, by gentle 
rubbing, to the smootli upper left conjunctivae of two monkej^s. After six such 
swabbings, over a period of 6 days, folliculosis was manifest in both animals: 
the treated eye revealed first signs of the affection on the 3rd day after tlie last 
swabbing; the untreated, on the 10th day. 

In summarizing these results, we find that only one of twenty-two 
animals having folliculosis yielded material not capable of producing 
the disease, and that of 52 monkeys inoculated with suspensions, or 
swabbed with the secretions, of affected conjunctival tissues, forty- 
eight showed signs of folliculosis indistinguishable from those seen in 
nature. Hence it appears that the Macacus rhesus monkey is highly 
sensitive to the active agent of the disease. The inference is that 
folliculosis is infectious, a view supported by the results of the contact 
experiments to be described. 

Control Experiments. — Olitsky, Knutti, and Tyler (1, 9-12), Finnoff 
and Thygeson (13), and others have reported numerous control tests 
on monkeys in which different materials, such as human and monkey 
conjunctival tissue, culture media, sahne solution, and various species 
of bacteria, have been injected subconjunctivally with uniformly nega- 
tive results. We have observed tliat mere scarification of smootli, 
normal conjunctivae has not been followed by folliculosis. 

During the course of our studies we inoculated twenty-one monkej's witli bac- 
teria encountered irregularly in cultures derived from folliculosis tissues, consist- 
ing chiefly of Gram-negative, chromogenic bacilli, but without specific effect; 
and we injected seven monkeys with microorganisms obtained from human non- 
trachomatous conjunctivitis, likewise with non-specific results. Cultures of three 
organisms secured from cases of trachoma in Tunis and sent us by Dr. Thygeson 
were also without effect in nine monkeys. 

Suspensions of normal monkey conjunctival tissue were inactive^ in ten animals 
and Berkefeld V filtrates of similar materials were non-pathogcnic in four. 

Four monkeys injected with saline solution washings of sterile agar slants, and 
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two swabbed conjunctivally for 5 consecutive days with material from cages in 
which they were confined failed to show foUiculosis. 

From the results obtained in the 57 monkeys employed in this 
series of tests, it would appear that the disease is not set up in normal 
conjunctivae by the injection of various control materials. The ef- 
fects of inoculating tissue suspensions derived from cases of spontane- 
ous folliculosis would appear to be specific. 

Cmitact Expemnents . — ^In view of the fact that selected monkeys with 
smooth conjunctivae kept in quarantine did not show folliculosis, and 
did not develop the disease after injection of non-foUiculosis materials, 
the following positive results of contact experiments take on signifi- 
cance. 

Three experiments were made. In each, two monkeys having smooth con- 
junctivae were caged with two animab showing folliculosb. 2 to 10 weeks later 
the six test animab that had been previously normal exhibited characteristic 
follicular conjunctivitb in both eyes. 

We have already commented on the fact that the disease can be 
spread by contact from the inoculated conjunctiva to the uninoculated 
membranes of the same monkey. From the foregoing experiments 
it is clear that spontaneous folliculosis can be conveyed from affected 
to normal animals by simply caging the two together. 

The fact that the disease can be transmitted to normal animals by 
contact brings out the difficulties of maintaining quarantine, especially 
when monkeys are handled dnring experimentation. That we suc- 
ceeded in overcoming these difficulties is demonstrated by the small 
number of incidental follicular infections that developed, namely, four 
in a group of 250 animals. These were observed during the early 
stages of the investigations after the animals had been released from 
quarantine. 

Filtraiion Experiments 

We next attempted to determine whether the active agent of spon- 
taneous folliculosis will pass through filters that retain ordinary 
bacteria. 

Ten separate filtration tests were made vdth Bcrkefeld V filters and other more 
permeable filters of the same sort, designated in Table I as which permitted 
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the passage of B. prodigiosiis (14). In further tests Seitz single disc filters were 
also used. The material for filtration consisted of fragments of excised con- 
junctival tissue, removed from monkeys having fully developed spontaneous 
foUiculosis, suspended by grinding in either phj^siological saline solution or hor- 
mone broth. As a rule, fragments of the conjunctivae of four lids were ground in 
5 to 10 cc. of the suspension fluid and, after sedimentation of the larger particles 
of tissue, the faintly clouded supernatant fluid was transferred to the filtering 
apparatus. Filtration was made at a negative pressure of 60 cm. Hg and con- 
tinued until the entire suspension had passed into the filter candle or disc — the 


TABLE I 

Restilis of Filtration Tests 
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procedure requiring usually less than 10 minutes. We hoped that by these means 
the infectious agent passing into the filtrate might be not too greatly diluted for 
patliogenicity. The results of these tests are summarized in Table I. 


A summary (Table I) of the results of filtration experiments on 50 
monkeys indicates that all of eighteen animals inoculated with unfil- 
tered foUiculosis material developed characteristic foUiculosis. On the 
other hand, none of thirty-two monkeys injected witli filtrates obtained 
in various ways, including those secured from very permeable filters, 
shov/ed the disease. The active agent failed to pass even through 
filters that let through B. prodigiosus. 
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Abseiice of Inclusion Bodies . — Many filtrable viruses have distinctive 
cytotropic effects (15) and cellular inclusion bodies are characteristically 
associated with the action of some of them. As the following protocol 
shows, no such bodies have been found in the cells derived from spon- 
taneous folliculosis cases. 

Film preparations were made from fourteen monkeys showing early folliculosis. 
Lesions within 4 weeks after their onset were examined because the so called 
inclusion bodies of granular conjunctivitis of various types are found most often 
in the first stages of the disease. Films stained by the method of Giemsa, from 
one to three slides in each case, were examined with the aid of a mechanical stage, 
the entire film being searched. No inclusion bodies were found, ^ nor were such 
bodies discoverable in any of the large number of histopathological sections of 
affected conjunctival tissues, stained by Giemsa's method and by eosin-methylene 
blue. 


CONCLUSIONS 

Spontaneous folliculosis of Macacus rhesus monkeys — a type of 
follicular conjunctivitis associated with marked, local, inflammatory 
reactions — ^is apparently a disease sui generis^ due to a specific infec- 
tious agent. It can be transmitted from monkey to monkey by means 
of subconjunctival injection of suspensions, and by conjunctival 
swabbing of the secretions, of affected tissues, or by contact of normal 
animals with folliculosis monkeys. 

The agent causing folliculosis has failed in our hands to pass through 
Berkefeld and Seitz filters, even those of an imusual degree of perme- 
ability; and the lesions that it causes show no cellular inclusions sug- 
gestive of the action of a virus. The condition is due apparently to an 
organism of low grade pathogenicity. The essential histopathological 
structure corresponds to that of a foUiculoma (16) which, while not 
identical with a granuloma, bears certain resemblances to the latter. 

The studies here reported concern only one species of monkey, 
Macacus rhesus. Further investigations will be carried out on dif- 
ferent species of Anthropoidea and other animals. 
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Our knowledge of bacterial variations existing within a definite group 
has been greatly enriched in the last 10 years by the studies of men who 
have refused to accept the dogma of monomorphism and stability. It 
has become more and more evident that bacteria of very widely sep- 
arated genera, and in pure line of culture originating from a single cell, 
may break up into two or more different strains with characteristics 
clearly differentiating them one from another. These characteristics 
may manifest themselves in individual cell morphology, in topography 
of the colonies, in virulence and in a number of other biological and 
physical characteristics. Recently one of the present authors (Pe- 
troff, with Steenken (1)), reported studies pointing to the fact that 
the tubercle bacillus followed the same line of variability as other 
microorganisms. From bovine, BCG and avian stock cultures of. 
tubercle bacilli they separated variants with characteristics similar 
to those of other dissociated microorganisms. 

The organism most extensively studied by the above mentioned 
investigators was the avian tubercle bacillus Ai. From the ori^nal 
culture, which has been in the laboratory for the last 20 years, they 
dissociated three distinct types of variants: (1) a small half moth-ball 
colony, (2) a flat, spreading, slightly wrinkled colony, (3) a large, dry, 
wrinkled colony. 

In the present study we have attempted to describe the primary 
types of response as they occurred in chickens experimentally infected 
with dissociated a\dan tubercle bacilli. 
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EXPERIMENTAL DATA 

In. a preliminaty study it was found that the dissociated variants from avian 
tubercle bacilli were much more stable than the variants of either human or bovine 
cultures. This was true, however, only to a limited degree. To maintain stability, 
all variants were cultivated on gentian violet egg media with the exception of R 
which was cultivated on glycerine agar media to maintain avirulence. At first 
three distinct variants were dissociated with the topographical characteristics 
above described, namely: 

Sf Smooth {Figs, 1 and 3), On gentian violet egg media these organisms devel- 
oped sparingly and slowly, forming colonies appearing like half moth-balls, the 
surfaces of which were smooth and moist. They were emulsified easily in salines. 
On fluid media the organisms propagated in the bottom of the flask forming within 
a week a diffused and even suspension. With the passing of time a very thin 
filament appeared on the surface of the fluid, 

F, S,, Flat Smooth {Figs, 4 and 5), — ^The colonies of this variant on gentian violet 
egg media were slightly wrinkled, moist, spreading and from four to six times larger 
than the S. The organisms were emulsified with difficult}'’ in saline. On fluid 
media the growth developed best on the surface; at first from a veil-like filament 
which, as the growth accumulated, became a heav}'’, wrinkled pellicle. On all 
media the growth was very profuse and rapid. 

i?, Rough {Figs, 6, 7 and 8), — On gentian violet egg media the colonies appeared 
large, wrinkled and perfectly dry. On fluid media tliey also propagated only on 
the surface. The rate of growth was very rapid and in a few weeks a small inocu- 
lum covered the whole surface of the flask with new growth. It was almost im- 
possible to make a suspension of this variant to consist of individual organisms. 

The Fourth Variant , Ch {Figs, 2 and 3), — ^This was dissociated from the smootli 
S colonies which were accidentally subjected to a high temperature. The colonics 
were smooth, half moth-balls in appearance, had all the physical properties of the 
conventional S with the exception that the}'' became chromogenic and ocher in 
color and were not pathogenic for chickens. The bacteriological details of this 
variant will appear in a special study. 

Media, — ^The above four variants were cultivated on gentian violet egg 4 per 
cent glycerine agar and Proskauer and Beckys media. Young cultures not more 
than 6 weelcs old were used. Colonies of definite topographical structure, cor- 
responding to the above description, were removed from the flask and triturated 
in a sterile mortar with sterile saline. The suspension was either counted and the 
number of organisms per cc. determined, or the strength of the suspension deter- 
mined by weight. All inoculations were made intravenously into the wing veins. 

Sixty-one young fowls were used in the experiment, all practically of the same 
size and age. They were kept under obser\'ation for a few weeks and then tested 
by injecting into the ear wattle, 50 per cent avian tuberculin in saline and the 
reading was made at the 24th hour. 

The blood changes were followed in each case. The Forkner (2) method proved 
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satisfactory for determining the total Ieucoc)^te count and his descriptions were 
used in conjunction with the supravital method for differentiating the various types 
of white blood cells. To establish the normal base line several counts were made 
previous to infection. Once a base line was established for each fowl we expe- 
rienced no difficulty in following the changing phases of the leucocytic picture after 
infection. It seems necessary here to call the reader’s attention to the fact that 
in chickens the cells possessing acidophilic staining granules, the so called eosino- 
philes or pseudoeosinophiles of Maximow, are the predominating granulocytes and 
correspond to the polymorphonuclear neutrophiles present in human blood in their 
percentage and function. 

Chickens that died and those that were killed by intravenous injection of air, 
were necropsied as soon as possible. Sections of the various organs were fixed 
in Zenker’s solution and in 10 per cent neutral formalin, imbedded in paraffin, cut 
at 5 micra and the Zenker-fixed tissues stained routinely with Mallory’s phloxin- 
methylene blue. Direct smears were made from spleen, bone marrow, liver and 
occasionally from other organs and stained for tubercle bacilli. Small portions 
of the above mentioned organs were also inoculated on gentian violet egg media. 
In some cases tissue smears were stained supravitally to facilitate the identification 
of particular cells. To demonstrate acid-fast organisms sections were stained 
either by Ziehl-Neelsen or Cooper’s modification, followed by an appropriate coun- 
terstain. For this purpose a hematoxylin, azur-orange G counterstain was useful 
in differentiating the bacilli from the granules of the eosinophiles. Gram-Weigert’s 
stain was used for fibrin and bacteria. Collagen was studied either by Van 
Gieson’s or by Mallory’s aniline blue staining method. Foot and Foot’s (3) modi- 
fication of Bielschowsky’s silver impregnation method was used to demonstrate 
the reaction of the reticulum to the tubercle formation. In studying the lesions, 
comparisons were made between identical tissues of different birds in order to 
control variations that might occur due to local or organ resistance and anatomical 
situation. 


Smooth S Variant 

Nineteen chickens were inoculated intravenously with freshly prepared saline 
suspensions, four receiving 5,000, four, 5,000,000, seven, 0.16 mg., two 0.25 mg., 
two, 0.33 mg. of these bacilli. Following the inoculation, blood studies were made 
at the 18th, 24th, 48th, 114th hours and at weekly intervals. 

A number of the chickens died of tuberculosis during the period of observation 
(one each on the 5th, 14th, 26th, 27th, 28th, 29th, 31st, 41st, 43rd and 110th days). 
Others were killed at mter\^ls to determine the progress of the disease (two on the 
7th, one on the 21st, two on the 35th, one each on the 37th, 51st and three on the 
78th days). 

The blood picture (Chart 1) is of considerable interest. The eosinophiles re- 
sponded early by beginning to rise during the first few days and continued ascend- 
ing, running more or less parallel with the total white blood ceU count During 
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the eosinophilia a slow rise of monocytes occurred with a decrease of lymphocytes. 
These lines usually crossed between the 1st and 2nd weeks, the lymphocytes drop- 
ping occasionally to the extremely low level of 5 to 0 per cent. 

Pathological findings revealed evidence of an acute infection of malignant type, 
coupled with toxic^’ manifestations. Macroscopic tubercles were generally absent 
in the early stages. They appeared at about the end of the 4th week as a ver}^ 
fine, white stippling of the serosal surface of the liver and spleen. The most im- 
portant finding in the gross examination of the viscera was the marked enlargement 
of the spleen and liver which occurred as early as the 3rd week. At this time these 
organs were usually swollen to three or four times their normal size, yellowish red in 
color and of soft consistence. The bone marrow often appeared red and increased 
in amount, a functional hyperplasia to meet the greater demand for blood cell 
production. 

Microscopic lesions were present in the liver of all but two cases, in the spleens 
of all but six, in the lungs of only six and even less often in the bone marrow, kidneys 
and intestines. There was a direct relationship between the dosage and the extent 
of the disease. In those inoculated with 5,000 and 5,000,000 bacilli the disease 
was present in the liver of three out of four, and in the spleen of onl}'' one out of 
four cases. The smaller dosage had a tendency to establish a chronic disease. 
Extension to the lungs occurred only when the infection was made with 0.16 mg. or 
more. The bone marrow was involved occasionally and then onl}’’ when at least 
0.33 mg. was used. 

Microscopic examination revealed tubercles of an acute exudative nature. 
After the 2nd week these lesions were of irregular shape and composed of clumps of 
proliferating, large mononuclear cells with little or no peripheral zone of lympho- 
cytes. In the liver they appeared to be actively invading the surrounding paren- 
chyma with the adjacent liver cells undergoing rapid dissolution (Fig. 13). During 
the 3rd and 4th weeks the beginning of abscess formation took place at the center 
of these tubercles. Giant cells were absent unless there was considerable casea- 
tion. Occasional deposits of fibrin were found in the centers of the lesions. 
There was fatty infiltration of the liver cells at some distance from the tubercles. 
Acid-fast bacilli were present within the lesions but usually very few in number 
(Fig. 25). Smears and cultures from the spleen, bone marrow and occasionally 
liver, were usually positive. In three chickens receiving a 5,000 bacilli dose they 
were negative. The recovered cultures were of the same type as those inoculated. 

SnbinocuJations— Two chickens in the main group, which had been inoculated 
with 0.16 mg. of a suspension of S organisms containing only rods, ran a course of 
disease typical of this type. This, however, was true only as far as the blood pic- 
ture and the tubercle formation were concerned and not of the morphology and 
distribution of the bacilli. One chicken developed leucocytosis and an increase of 
eosinophiles and was killed on the 37th day. The spleen and the liver were about 
three times their normal size. Microscopic examination disclosed exudative S type 
of tubercle formation in the liver, spleen and lungs. Direct smears from the tissues 
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revealed only branching forms of add-fast bacilli (Figs. 30 and 31), Small por- 
tions of the spleen and bone marrow were triturated separately with saline and inoc- 
ulated intravenously into three healthy chickens: two with the spleen and one 
with the bone marrow suspensions. 

Of the two chickens inoculated with the splenic suspension, one became sick at 
the end of 40 days and was killed. The other lived 58 days before becoming ill and 
was also killed. The blood counts of both showed an eosinophilia, increasing 
steadily from week to w’eek, along with a decrease of l>mphoc>i:es, and a rising 
total white blood cell count. There was also a monoc>i:osis which increased at the 
expense of the lymphoc>i:es. The total counts rose to 133,150 and 152,040. The 
chicken inoculated with the bone marrow, apart from a slight temporar>^ monocyto- 
sis and eosinophilia, showed no significant blood change. Necropsies showed 
enlargement of the liver and spleen three times the normal size and studded with 
small white nodules. Smears from the liver, spleen and marrow were positive for 
acid-fast rods, with no evidence of branching forms. Cultures from all tissues re- 
vealed colonies of white' S topography which were made up of typical rod-shaped 
bacilli. Microscopic examination of the tissues revealed large, single and conglom- 
erate S tubercle formation with early necrosis in one chicken and ver>^ extensive 
necrosis in the other. Similar lesions w-ere present in the spleen, liver, lung and 
marrow and also in the kidney of the latter case. The chicken which had been 
inoculated with the bone marrow suspension was negative and microscopicallv 
disclosed no evidence of tuberculosis. Smears and cultures were likewise negative. 

Another chicken of the main group became moribund and was killed on the 43rd 
day. It had shown an increasing eosinophilia reaching as high as 63 per cent before 
being killed. Direct smears from the spleen and marrow were negative for acid- 
fast organisms. The cultures from the liver and spleen, however, developed a 
growth of typical S variant. At necropsy, pieces of liver, spleen and bone marrow 
were triturated with normal saline and inoculated intravenously into three normal 
chickens, one with 5 cc. of liver, another with 4 cc. of spleen and a third with 2 cc. 
of bone marrow suspensions. 


The fowl inoculated with the liver preparation showed little blood reaction until 
after 4 weeks, when an eosinophilia and monocytosis took place with a total leucoty- 
tosis of 1 18,570. The eosinophilia continued until the 62nd day, when the chicken 
died. At necropsy the peritoneal cavity was filled v.dth bloody fluid and a fre<h 
laceration 1 cm. in length was found in the liver which was swollen to three times its 
usual size, of soft consistence and of yellowish red color. This rupture and hemor- 
rhage had occurred, perhaps following the sUght trauma, due to the extremely ^oft 
consistence of the swoUen tissue. The spleen was of pale red color and enlarged to 
three times its average size. MacroscopicaUy, both organs showed numerous 
gmy, miliarj' nodules on the serosal surface. Direct smears from these tissues and 
the bone marrow were positn-e for add-fast rods. AU cultures were positive with 
>-pica white S colonies Microscopic study disclosed the nodules to be large 
tubercles many of conglomerate formaUon with prominent centers of necrosis 
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lined by r mnrgin of giant cells, some of which showed degeneration and necrosis. 
Similar lesions were present in the lungs and bone marrow j in the latter tissue was 
also extensive caseation and necrosis. The younger non-caseating tubercles were 
of acute, exudative S nature. There was marked necrosis of the liver cells, some 
of which showed invasion by endothelial leucocytes. 

As the chicken inoculated with spleen suspension and killed on the 54th day 
revealed the same pathology and blood picture as the preceding bird, the descrip- 
tion will be omitted. 

The chicken inoculated with 2 cc. of bone marrow suspension was killed at the 
end of the 84th da}^ as it had shown no indication of infection by the blood picture. 
There was no gross or microscopic evidence of tuberculosis and smears and cultures 
from the spleen and bone marrow were negative for tubercle bacilli. 

Flat Smooth F.S, Variant 

Twelve healthy young chickens were inoculated intravenously with freshty pre- 
pared saline suspensions of this variant. Two received 5,000, two, 5,000,000, four, 
0.16 mg., two, 0.25 mg., and two, 0.33 mg. of bacilli. Following the inoculation 
the blood counts were made at the same intervals as described in the preceding 
group. 

Many of the chickens of this group also succumbed to tuberculosis during the 
period of observation. Deaths occurred on the following da 3 ^s: 20th, 28th, 33rd, 
39th, 41st and 45th. Because of their moribund condition a few were killed on the 
following days: 21st, 31st, 46th and 69th. Two were killed to examine the disease 
process on the 13th and 35th days. There was some correlation-between tlie dose 
of infecting bacilli and duration of life. Inoculation with 0.33 mg. of bacilli killed 
one in 20 daj^s and 0.16 mg. lulled in 33, 39 and 41 da 3 ^s. A dose of 5,000 bacilli 
was not fatal even at the 69th da 3 ^ 

The differential leucoc 3 ’'te counts indicated a virulent t 3 ’^pe of infection leading to 
rapidl 3 ^ progressing disease (Chart 2). The eosinophiles showed no appreciable 
reaction until the disease had approached a terminal stage. At this time the 3 ^ 
increased rapidly, accompanied by a leucoc 3 ''tosis which was maintained until death. 
During the course of the infection, some time before the terminal stage was reached, 
the monocytes began to increase in numbers at the expense of the l 3 TOphoc 3 ^tes, this 
occurred along with the eosinophilia. The total white cell count rose slowly with 
tlie monocytosis, but did not begin to ascend rapidtyuntil the eosinophiles had defi- 
nitely assumed a prominent part and the disease had reached its final stage. 

Pathological findings agreed with tlie blood reactions and we found extensive 
tubercle formation due to rapidly multiplying bacilli. As few as 5,000 bacilli pro- 
duced infection in the spleen and liver and as the dose was increased there vas 
marked extension of the disease throughout the viscera. Small tubercles became 
visible grossly in tlie spleen and liver 20 and 21 da 3 ’^s after inoculation; from the 3rd 
week on these two organs also began to increase somewhat in size. A few micro- 
scopic tubercles were present in the spleen and liver of a chicken infected with 5,000 
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Gross examination of the viscera was negative approximately 11 weeks after 
infection in four chickens. Microscopically, tuberculous lesions were found in the 
spleen and liver of these birds and in the lungs of two, one killed 50 days after inocu- 
lation with a 0.25 mg. dose of bacilli, and the other 78 days after a similar dose. 
Direct smears from the spleen were positive for bacilli in six chickens and positive 
cultures were recovered from the spleens of three. Organisms were never demon- 
strated in the bone marrow eitlier by smears or cultures. Bacilli were found 
oftener in the chickens killed by the 21st day; in three which were allowed to live 
for 75 days or longer, no organisms could be recovered. This speaks for their rather 
early destruction. The microscopic lesions were small in size and of retrogressive 
or stationary nature. In the liver especially, these lesions were no larger than two 
or three hepatic cells. They consisted only of a few large mononuclear and epithe- 
lioid cells, often surrounded by a fringe of lymphocytes (Figs. 16 and 24). There 
was never any evidence of caseation or abscess formation, because there was insuffi- 
cient bacillary growth or derivatives to cause an influx of eosinophiles leading to 
necrosis. Such tubercles, at the 11th week, had not advanced to a stage compar- 
able to that reached by the S or F.S. tubercles during the 1st week. Occasionally, 
instead of tubercle formation, we could find an isolated cluster of giant cells show- 
ing no evidence of inflammatory reaction. According to Medlar’s (4) interpreta- 
tion this is a healing process in itself. In one chicken which had been inoculated 
with a 0.25 mg. dose and killed on the 79th day, microscopic study of sections from 
liver, spleen, bone marrow, lung, kidney, heart, adrenal and testis was negative for 
tubercle formation. Prolonged search in sections stained for tubercle bacilli dis- 
closed in only one instance a single acid-fast rod lying in a subsinusoidal area of the 
liver, probably within the cytoplasm of a phagocytic cell, although this could not 
be ascertained. There was no cellular or exudative reaction resembling tubercle 
formation set up by the presence of this organism. Yet smears from the spleen 
and liver were positive for acid-fast bacilli and the sediment and supernatant fat 
layer from a sodium h 3 '^droxide digest of these organs gave abundant growth of 
typical R colonies on gentian violet egg media. Portions of this digest, used for 
inoculating the plates, were injected into a chicken intravenously and intraperi- 
toneally. It showed a non-septic leucocytic reaction and was killed after 75 days. 
Microscopic tubercles of the R type were found in tlie spleen and liver. Direct 
smears from these tissues were negative for acid-fast bacilli, but the culture from 
the spleen was positive. Therefore, the viability of the organisms in tlie tissues of 
the chicken was established by production of lesions and cultures. 

It was impossible to demonstrate the presence of bacilli in this benign t 3 'pe of 
tubercle formation by our ordinar3' methods. They arc present, but so few that 
only careful stud 3 '' of serial sections of such a lesion could reveal them. 

Rare tubercles were found in the liver of birds inoculated with 5,000 and 
5,000,000 organisms as earty as 7 da 3 's. Cultures and smears from tlie spleen were 
positive for acid-fast bacilli in both instances. Two 21 da 3 ' chickens were micro- 
scopicall 3 ^ negative for tubercle formation but direct smears from the spleen vere 
positive. 
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was apparently limited to the liver and spleen. Lungs, bone marrow, kidney and 
intestine escaped involvement. As might be expected in a disease of such limited 
character, tubercle formation consisted only of minute clumps of large mononu- 
clear and epithelioid cells, usually infiltrated by a few lymphocytes and possess- 
ing a peripheral zone of lymphocytic cells (Figs. 15 and 23). There was never 
any evidence of necrosis or abscess formation. 

In none of the sections \vere we able to demonstrate bacilli within the tubercle. 
However, the viability of the organisms in the lesions was proved b}’’ subinoculation 
of tissues into a healthy chicken, which reproduced lesions in the second bird, 
and also direct smears revealed the presence of acid-fast bacilli. 


The Reaction of the Blood Leucocytes 

Study of the peripheral blood, employing the supravital stain for the differential 
leucocyte count and Forkner's total white blood cell determination enabled us to 
closely follow the course of infection. Freely flowing blood was taken from the 
wing vein and the preparations studied \vithin a few minutes. The same person 
did all the differential counts and another the total white blood cell counts and the 
two estimations were determined from the same blood sample. 

We have not attempted to consider tlie very early reactions which begin upon 
entrance of the bacilli and result in their localization in certain phagoc 3 des as this 
has been well described in the studies of Vorwald (5) and Long (6). From some- 
what limited observations we believe that this process may be the same no matter 
which variant is used. 

Chart 1 illustrates the fluctuations of the average total and differential w^hite 
blood cell counts in five chickens infected with S variant. It shows clearl}^ the rela- 
tively acute course of the disease, and the extent of the leucocytosis which begins 
after the 48th hour, ascending steadily until the last da 3 ’’s of life. In the differen- 
tial count the increase in the percentage of eosinophiles stands out in contrast to 
the rapid fall of l 3 ''mphocytes. Monoc 3 ’^tes show an upward trend which crosses 
the l 3 Tnphocyte line between the 10th and 15th da 3 ^s. This t 3 ^e of blood reaction 
is characteristic of this variant. It suggests a rapidly progressive disease of an 
acute **toxic’^ nature and a fatal termination. 

Chart 2 represents the averages of the blood leucoc 3 ^tes of five chickens inocu- 
lated with the flat smooth F.S. variant. The curves suggest a virulent, rapidly pro- 
gressive disease somewhat similar to that produced b 3 " the S. The eosinophiles, 
however, do not react with the same speed as in the S t3Te and the rise occurs only 
when the disease attains its fatal termination. The total leucocyte count also 
ascends but is much slower in its rise than in the S. Here the disease requires a 
longer time before it acquires the momentum necessary to produce the profound 
leucoc 3 dic reaction seen in the S infection. IMonocytes and l 3 'mphocytes show 
approximately the same t 3 'pe of curv^e as in Chart 1, the former rising and the latter 
falling as the disease progresses. 
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normal This leucocyte reaction suggests rather conclusively a tuberculosis of 
relatively benign t^e. However, we cannot definitely state that there was recov- 
ery from the infection, as the period of observation was limited to 77 daj^s. 



Chart 2. Average blood curves of five chickeus inoculated with F. S, variant. 


Chart 4 depicts the average of the blood reactions in five chickens infected with 
chromogenic Ch variant. The period of study (73 d^ys) does not mark the end of 
the disease. Usually after the 10th week the differential and total white blood 
cell count had returned to the normal level observed prior to infection witli the ex- 
ception of a slight monocytosis. It certainly reveals a marked resistance of the 
host to a relatively avirulent variant. The l^miphocj^tes, ascending to a high level, 
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Chart 4. Average blood curves of five chickens inoculated with Ch variant. 

Pathogenesis 

An early non-specific eosinophile increase (polynucleosis) was tlie first reaction 
following the entry of the organism into the blood stream. It was non-specific be- 
cause it occurred in all birds inoculated with the four dissociated variants. This 
rise usually subsided after the 18th hour. At this time, as has been previously ob- 
serv^ed in the lungs of rabbits b}'' Vorwald and Long, the infection became localized 
in the tissues by aggregation and clumping of bacilli-Iaden cosinophilcs (Fig. 9), 
The blood changes reported in these studies do not include this early non-specific 
reaction for the reason that not until it had subsided did the blood leucocytes begin 
to show’ the variations apparently related to the type of variant used for infection. 
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a true foreign body reaction, although there was of course a certain *^toxin’^ response 
as shown by the formation of the hyalin substance resembling fibrin, which was of 
the nature of reticulin (Fig. 14). In this lesion the cellular reaction was probably 
due to the presence of rapidly multiplying bacilli which resisted digestion. On 
media of various kinds these F.S. variants grew approximately six times as fast as 
did the S bacilli. We are inclined to believe that their reproduction in vivo con- 
tinued at the same rapid rate as that in vxivo^ Comparing these bacteria with the 
smooth S variant, organism for organism, they probably produce much less “toxic’^ 
material of less potency. It seems that F.S. variants, by their rapid rate of multi- 
plication and by their greater ability to resist digestion by cellular enz}TOes, due to 
higher lipin content, soon flourish in great numbers within the mononuclear phago- 
cytes. Acid-fast stains at this stage reveal them in numerous, large, closel}’' com- 
pacted clumps, often showing a radial arrangement of the individual bacillary 
rods (Fig. 26), Consequently, though the **toxin’’ output per bacillus may be lower 
than in the case of the smooth S organisms 3^et by their rapid multiplication and 
increase of numbers they bring about a progression of the disease. Conversely, tlie 
smooth S bacillus possesses a lower lipin content. These individual organisms are 
probably more susceptible to the action of the digestive cellular enzymes of the 
mononuclear phagocytes. This leads to their destruction, setting forth free “toxin’’ 
which gives to the tubercle formation its acute and malignant characteristics. 

In the 3rd week the tubercles in the S-infected cliickens revealed tlie beginning of 
abscess formation by an influx of eosinophiles wandering towards tlie center of tlie 
lesion. In the F.S. chickens this occurred much later (4th to Sth weeks). Shortty 
thereafter a small area of necrosis appeared in the central portion of botli types of 
tubercles which gradually increased in size. 

The production of reticulin in the S and F.S. type tubercle revealed further evi- 
dence of differences in the underlying factors governing the pathogenesis of these 
lesions. The former, the S tubercle, showed very little increase or even a decrease 
of reticulum structure lying in relation to the lesion (Figs. 17 and 11), whereas in 
the latter, the F.S. tubercle, there was usually an increased reticulum formation 
which was quite marked about the peripher}’' (Figs. 18 and 12). 

In those fowls whicli happened to survive 6 weeks, there was usuall}^ marked 
abscess formation with caseation, necrosis and formation of daughter tubercles 
leading to conglomerate tubercle formation, and spreads throughout the un- 
involved tissue. After the tubercles had become so far advanced, which ordi- 
narity was the exception 'with S and F.S. infection, the two diseases were hardly 
distinguishable by their microscopic appearance (Figs. 21 and 22). 

The pathogenesis of the R variant differs greatly from the above two 
types. 

From the observations made it appeared as though this organism at times pos- 
sessed a low grade of virulence manifested by ver\^ limited tubercle formation of 
comparatively benign nature (Fig. 16). At other times it was completely innocu- 
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proixiinGiit 3.roiind. tubercle, silver stEiiis would demoiistrEte ^bundEiit reticulum 
the fibers forming a closely compacted network about the lesion. In many in- 
stances the fibrils of this network corresponded to the finer bands of the hyalin ma- 
terial appearing in the phloxin-methylene blue stain. In other sections it could be 
definitely seen that parts of the hyalin material remained unaffected by silver im- 
pregnation, leaving open spaces between the reticulum fibrils. This raised the 
point whether this homogeneous substance remained unimpregnated only because 
it was a precursor of ^eticul^un proper and its argyrophilic nature would only be- 
come apparent after certain changes had taken place, perhaps merely a simple proc- 
ess of condensation and separation into smaller fibrillar divisions. 

It could bedefimtely seen that the deposit of reticulin was much greater about the 
flat smooth F.S. tubercles, marking them off and circumscribing them ver}'* defi- 
nitely from the surrounding parench 3 mia (Figs. 18 and 12). In the S tubercle, no 
such formation was present, in the silver preparations it was at times difficult to 
tell just where the tubercle margins began (Figs, 17 and 11). Often the normal 
reticulum about these S lesions appeared broken up into separate lengths with 
occasional granular formation indicating an active destructive effect. The reason 
for and the mechanism of this fragmentation of reticulum in tliis type of tubercle 
is not definitely understood. It is suggested, as already stated, that it is due to 
either a specific ^^toxin” liberated from the bacillus or to the proteotytic enzymes of 
the eosinophiles which play such a prominent part in the S infection. In making 
the above comparisons we used tubercles from the same tissues, stained together in 
the same dye container. These differences were best studied in the liver, bone 
marrow and lung. In the spleen, postmortem autolysis interfered quite easity with 
reticulum preservation. We found it always necessary to fix tissues immediately 
after death for the best results. Animals found dead usually showed too much 
postmortem degeneration of the reticulum to be of any value. 

In the rough R and chromogenic Ch tubercles, silver impregnation revealed veiy 
little evidence of either tlie formation of a new or destruction of the normal reticu- 
lum. The pathological process was evidently of too benign and limited a character 
to seriously affect this structure (Figs. 20 and 19). 

It would appear that in the pathogenesis of the flat smooth F.S. in- 
fection, there is a rapid reticulin production that distinguishes this tyqic 
of tubercle formation from the acute exudative smooth S type. 

In the latter the reticulum about the peripher}^ was never increased in amount 
and often showed signs of disintegration. It seemed as though one of the important 
defense mechanisms against invasion by the S variant, the reaction of the reticulo- 
collagenous apparatus, w'as definitely suppressed or destroyed. In the flat smooth 
F.S. t}pe this production of reticulum about the peripher>^ of the lesion occurred at 
an early stage of the disease. Accepting hlallor}^ and Parker's (7) observations 
that reticulum is collagen, occurring as separated fibrib or deliaitc strands w^hic i 
are alwaj^s a continuation, one from tlie other, we must interpret this as the order > 
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physical properties, their control over tubercle formation and the ability of the 
F.S. variant to resist destruction and produce the foreign body type of lesion. 
The two variants were cultivated on the same batch of Proskauer and Beck’s 
fluid media and approximately the same amount of inoculum introduced into each 
flask. The cultures were incubated for 10 weeks and the bacilli harvested by filter- 
ing through filter paper, collecting the solid masses of organisms and drying them 
in vacuo over sulfuric acid until a constant weight was obtained. 

The original dry weight from the thirteen bottles of F.S. organisms was 6.3110 
gm. and that from twenty-four bottles of S bacilli, 2.0814 gm. The lipin yield 
from the former was 1.271 gm. or 20.14 per cent and from the latter 0.3128 gm. or 
15.03 per cent. 

We did not attempt an accurate or detailed analysis of the chemical 
properties of the bacillus but merely an approximate idea of the differ- 
ences in the lipin fraction of the two variants. More detailed study 
of the chemical properties, including the protein and carbohydrate 
constituents, are being contemplated. 

SUMMARY 

In the preceding pages we have presented evidence which we believe 
furnishes new light on the disease process in avian tuberculosis. From 
a well known strain of avian tubercle bacillus, Ai, four variants have 
been dissociated, each manifesting distinct colony topography and 
physical and chemical cliaracteristics. From these studies we have 
learned that the variants are sometimes unstable, not only iu vitro but 
also m vivo; and that this characteristic is one of the prominent factors 
influencing both the advancement and retrogression of the disease. 

The four variants remain fairly stable fw vitro provided they are 
cultivated on proper culture media. About 80 per cent smooth S and 
flat smooth F.S. colonies will develop true to type on egg media; and 
rough R and the chromogenic Ch when cultivated on g>^cerine agar 
media, in about the same percentage. 

An early non-specific eosinophilia followed inoculation, no matter 
which variant was used. This usually subsided by the IStli hour. 

The early stages of tubercle formation produced by all the variants 
appeared similar. First there appeared an aggregation of eosinophiles 
and their ingested bacilli within the tissues and then followed replace- 
ment by large mononuclear cells which wandered in and phagocyted 
both eosinophiles and bacilli. After the formation of tubercles com- 
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increase in numbers of bacilli, terminating ^vitll death usually during 
the 5th and 6th weeks. The manifestations of toxin** damage showTi 
in S disease were not so marked until the approach of the end-stage. 
We interpret the type of lesion produced by the F.S. variant as a for- 
eign body tubercle to distinguish it from the acute ' ’toxic** nature of the 
S. A quantitative chemical determination showed that this organism 
contained 20.14 per cent lipin whereas in the S variant it was only 
15.03 per cent. 

Following inoculation with R variant the initial eosinophilia returned 
to normal within 24 hours. There was then an increase of both l 5 miph- 
ocytes and monocytes, the latter exceeding the former for a time. 
Later, usually after the 2nd month, the lymphocytes again became 
predominant over the monocytes, approaching the normal base line. 
Eosinophiles failed to react. This blood picture indicated a successful 
resistance against the infecting organisms, and was supported by the 
pathological findings. None of the chickens of this group died during 
the period of study (79 days) although infecting doses of 0.25 mg. were 
used. Necropsies on four cliickens revealed no macroscopic evidence 
of disease approximately 11 weeks after inoculation. Microscopic 
lesions were present in the spleen and liver of some cases. In chickens 
inoculated 11 weeks previously these tubercles consisted only of very 
small, discrete clumps of degenerating mononuclear cells often sur- 
rounded by a border of lymphocytes. Necrosis, abscess formation or 
caseation was not found. Their small size and appearance was evi- 
dence of their retrogressive character. Isolated giant cells were rarely 
seen. It was impossible to find baciUi within these tubercles. In one 
instance it was possible to show complete innocuousness of this organ- 
ism in the tissues, as far as producing recognizable tuberculous lesions. 
Reticulum played httle part in the development of the lesion and it was 
neither increased or destroyed. 

Following inoculation with the chromogenic Ch variant the initial 
eosinophilia declined by the 24th or 42nd hour count and from then on 
remained low. The lymphocytes showed little decrease. A promi- 
nent monocytosis of prolonged character usually occurred during the 
3rd to 6th weeks and was then displaced by a return of the lympho- 
cytes. By the end of the period of observation the differential count 
had closely approached the normal values. Again the blood picture 
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here may bring about the proper clinical interpretation of the course 
of human tuberculosis. 

CONCLUSIONS 

1. Four variants, S, F.S., R and Ch dissociated from an avian tuber- 
cle bacillus, Ai, have been described. 

2. They have different physical and chemical properties. 

3. The leucocytic response in S and F.S. is of acute type while that 
produced by R and Ch variants is indicative of a chronic, healing 
tuberculosis. 

4. The tubercle formed by S is of an acute, “toxic” type, the F.S. 
more of a foreign body type and that of R and Ch, relatively benign. 

5. The S variant is by far the most virulent and is closely followed 
by the F.S. type. The R and Ch variants are comparatively avirulent. 

We wish to acknowledge our appreciation to Drs. E. R. Baldwin and 
Lawrason Brown for their interest and helpful suggestions. 
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EXPLANATION OF PLATES 
Plate 19 

Variants of the avian tubercle bacillus cultivated on gentian violet egg media. 
Fig. 1. Smooth S colonies, 30 days’ growth. Actual size. 

Fig. 2. Chromogenic Ch colonies, 30 days’ growth. Actual size. 

Fig. 3. Smooth S and chromogenic Ch colonies, 90 days’ growth. Actual size. 
Fig. 4. The two variants, (a) S and (l>) F.S., 60 days’ growth. X2. 

Fig. 5. Flat smooth F.S. colonies, 60 da 3 's’ growth. Actual size. Note the 
spreading appearance. 

Fig. 6. Rough R colonies, 45 days’ growth. Actual size. 

Fig. 7. Rough R colonies, 60 daj's’ growth. X2. 

Fig. 8. Rough R colonies, 90 days’ growth. Actual size. 

Plate 20 

Fig. 9. Liver of a chicken inoculated with S variant. Earb' tubercle, not more 
than 18 hours old, consisting of simple aggregation of cosinophiles containing 
phagocyted bacilli. X695. 
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Note little change in reticulum structure about the lesion and resemblance to Ch 
tubercle in Fig. 19. X390. 

Silver impregnation of above four sections according to Foot and Foot. 

Plate 23 

Fig. 21, Spleen of chicken inoculated with F. S. variant dying on the 69th day. 
Note large central area of caseation bordered by a zone of giant cells and degener^ 
ated large mononuclear cells. Only a few large remnants of the peripheral, fibrillar, 
hyalin material remain. X53. 

Fig. 22. Spleen of a chicken inoculated with S variant and killed after 54 da^^s. 
The most advanced type of tubercle seen. There is extensive caseation of tlie cen- 
tral portion marked off by a zone of giant cells and degenerated large mononuclear 
cells. Note resemblance of the two end-stages in Figs, 21 and 22 to each other. 
X53. 

Fig. 23. Spleen of a chicken inoculated with R variant and killed after 78 days. 
This is an end-stage so far as our period of observation was concerned. The 
small clump of large mononuclear cells comprising this lesion t 3 ^pifies successful 
resistance on the part of the host. Note absence of necrosis or an}^ tendency to 
abscess formation, also the marked limitation in size. X390. 

Fig. 24. Spleen of a chicken inoculated with Ch variant and killed after 78 daj^s, 
also the end-stage. Note lack of progression towards abscess formation, limited 
size and the close resemblance to the R tubercle of the same age in Fig. 23. X390. 

The above four sections were stained with phloxin-methylene blue. 

Plate 24 

Fxg. 25. Spleen of chicken inoculated with S variant, showing a few bacilli in rod 
forms within a tubercle. X 1,000. Carbolfuchsin, phloxin-methylene blue stain. 

Fig. 26. Spleen of chicken inoculated with F.S. variant showing many organ- 
isms arra 3 ^ed in clumps throughout the tubercle. The magnification is lower than 
in Fig. 25 so that the entire tubercle can be included. X390. Gram-Weigert 
stain. 

Fig. 27. Spleen of chicken inoculated with S variant, showing a tubercle con- 
taining only branching forms. X865. Carbolfuchsin, phloxin-methylene blue 
stain. 

Fig. 28. Ch variant after 2 weeks’ cultivation on glvxerine agar, but when grown 
on gtycerine gentian violet egg media the morphology was as in Fig. 29. X865, 

Carbolfuchsin. 

Fig. 29. S variant cultivated on gentian violet egg media for 3 weeks. XS6S. 

Carbolfuchsin. ^ ^ ^ t , ..i j 

Fig. 30. Direct smear from spleen of chicken inoculated with S variant and killed 

after 37 da 3 "S. Note granules within the branching organism. X 1,300, Weiss 

stain. . , 

Fig. 31* Direct smear of spleen from same chicken. Isote prominent granules 

in one branching form and lack of granules in other. XS6S. Carbolfuchsin, 

brilliant green stain. 
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TRANSFORMATION OF PNEUMOCOCCUS TYPES 


Methods 

Cnlinres , — ^The cultures of R pneumococci used in the experiments were stock 
strains originally derived from type-specific S pneumococci by growth in broth 
containing 10 per cent antipneumococcus serum of the homologous type. The 
pneumococci from which the extracts were prepared were type-specific S strains, 
the virulence of which had been maintained by frequent animal passages. 

Preparation of Pnetmococcus Extract , — The S pneumococci used in preparing 
extracts were grown in meat infusion broth, pH 7.8, containing dextrose 0.01 per 
cent. Large inocula were used to bring about rapid and dense growth. At least 
100 cc. of a moderately heav}^ culture was used to inoculate 5 liters of media. The 
cultures were grown at 37®C. for 8 to 10 hours only. The organisms from 5 liters 
of culture were thrown dowm and then taken up in 50 cc. of sterile distilled water. 
To this suspension was added 3.5 cc. of a sterile 10 per cent solution of sodium 
desoxycholate. The mixture was kept in an ice bath for 10 minutes, then brought 
slowly to 60°C. in a water bath. The organisms treated in this manner are quickl}’’. 
dissolved, forming a thick, extremely viscous gel. The preparation was kept in 
the water bath at 60^C. for 15 minutes to kill an}'- surviving organisms, and to in- 
hibit or destroy the autolytic enzymes released b}’* dissolution of the cells. The 
bacterial solution was added slowly to 500 cc. of absolute alcohol previously chilled 
in an ice bath. A thick, stringy precipitate formed which slowly settled out on 
standing. The sodium desoxycholate, being soluble in alcohol, remained in the 
supernatant fluid. The precipitate was thrown down after 30 minutes, by cen- 
trifugation, the supernatant fluid being discarded. The sodium desox)xholate 
solution was thus eliminated. The precipitate was washed with alcohol to remove 
the last traces of the bile salt and was dried in vacuo ^ or by exposure for 12 to 14 
hours to cold dry air, The dried material was then extracted in 100 cc. of sterile 
0.85 per cent sodium chloride solution, made slightly alkaline by the addition of 
0.5 cc. of n/10 sodium hydroxide, sealed in glass ampoules, and immersed for 15 
minutes in a water bath at 60°C. The preparation was then centrifuged for 30 
minutes and the insoluble residue, which contained only a small amount of the 
active material, was discarded. The supernatant extract was a slightly turbid, 
thin, opalescent fluid. The extracts were subjected to rigid tests foi^ sterility. 
They were cultured in plain broth, in blood broth, on blood agar, and in media en- 
riched by the addition of ascitic or chest fluid. In no instance were pneumococci 
grown from the extracts. Injected in amounts as large as 1 cc. into mice, the> 
caused no untoward effects other than slight lethargy for a few hours. All the 
test animals survived. 

Culture McdiU7}i— Dawson and Sia found in their vitro experi- 
ments (4, 5), that the transformation of pneumococci from one specific 
t}^e to another ^A’as facilitated by the addition to the culture medium 
of anti-R serum. Their observations have been repeatedly confirmed 
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satisfactory and consistent results. Purification with charcoal was 
carried out as follows: 

100 cc. of the extract prepared in the manner described was diluted with an equal 
volume of sterile 0.85 per cent solution of sodium chloride. 8 gm. of sterile pow- 
dered wood charcoal was added to the diluted extract and the mixture was shaken 
for 5 minutes. The preparation was then centrifuged at high speed for 30 min- 
utes and the supernatant fluid, still containing considerable amounts of finely 


TABLE I 

Activity of Extra-ct of S Pncimococci before Adsorption and Purification 


Tube 

Broth 


organism 

Specific 
extract 
Type III 
pneumo- 
cocci* 

Colonies 

Specific 
agglutination 
of S colonies 

First culture 


— 

cc. 


cc. 



la 

■B 

■B 

D-39-Rt 

0.1 

R and S 

Type III 

2a 



D-39-R 

0.1 

R only 


3a 

1.5 

0.5 

D-39-R 


R only 

— 

4a 

1.5 

0.5 

D-39-R 


R onl}^ 

— 

5a 

1.5 

0.5 

— 

0.1 1 

Sterile 

. 

— 

First subculture 

lb 

1.5 

n 

From Tube la 

0.1 

R and S 

III 

■■ 

1.5 

■9 

From Tube 2a 

0.1 

R and S 

Type III 


1.5 

0.5 

From Tube 3a 


R and S 

T^’pe III 

■g 

1.5 

0.5 

From Tube 4a 


R only 

• — 


* Pneumococcus extract prepared by dissolving Type III S organisms in a solu- 
tion of sodium desox^'^cholate with removal of bile salt hy precipitating tlie ex- 
tract in alcohol. 


t Strain of R Pneumococcus derived from Type II S organisms. 

suspended charcoal, was removed. This solution was filtered through sterile 
filter paper and finall}^ through a Berkefeld V candle. The filtered extract was 
generally water-clear, colorless, and quite limpid. 

Extracts purified by the use of charcoal were more active in effect- 
ing transformation than were the crude extracts. Moreover, it was 
much easier to determine when transformation had occurred in cul- 
tures containing these clear extracts. The medium was entirely clear 
and transparent on inoculation. Growth was granular and settled 
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TRANSFORMATION OF PNEUMOCOCCUS TYPES 


Charcoal-adsorbed extracts of Types I, II, and III S pneumococci 
were prepared and found to be highly active in all instances. In 
Table II are recorded the transformations brought about tlirough the 
use of extracts after removal of considerable inactive material by char- 
coal adsorption. 

As the results presented in Table II show, it was possible to cause R 
pneumococci derived from each of the three specific types to revert to 
their original S forms through the use of specific extracts of the homol- 
ogous type. Likewise, it was possible, with one exception, to effect a 
selective transformation in type, whereby the R cells derived from 
each type of Pneumococcus were changed into the S forms of eacli of 
the other two specific types in the presence of the appropriate ex- 
tract. It was impossible, in two attempts made, to effect transforma- 
tion of R pneumococci derived from T 3 ^e III S organisms into Type I 
pneumococci. Instead, these particular R pneumococci reverted to 
S forms of the original specific type from which they were derived; 
namely, Type III. The tendency of R pneumococci to revert to S 
organisms of the original type, even in the presence of a suspension of 
heat-killed S organisms of a heterologous type, was encountered and 
commented upon both by Griffith and by Dawson. 

As stated in the previous paper (7), it was quite easy to convert R 
pneumococci derived from Tjqje II S organisms into T 3 q)e III S forms. 
In most instances the change occurred in the first culture within 15 
to 20 hours. Other R strains changed less readily and often required 
two, three, and even four transfers. Thus, in the experiment shown in 
Table II, the R organisms derived from Type I S pneumococci were 
changed into Tj'pe II forms only on the third successive cultivation in 
the extract-containing medium. 

Reprccipitatioii in Accione or Alcohol . — Still further purification of 
the charcoal-adsorbed extracts was accomplished by precipitation in 
acetone. 

The filtered extract, after charcoal adsorption, was precipitated by 10 volumes 
of acetone in the cold. The preparation, after standing 1 hour, was centrifuged 
at high speed for 30 minutes and the supernatant acetone discarded. The sedi- 
ment was dried in vacuo and taken up in the original volume of sterile distilled 
water. Much of the precipitate remained insoluble. The insoluble residue 
was thrown down by centrifugation and discarded. The supernatant contained 
the active material without appreciable loss. 



THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 57 


PLATE 23 





272 
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TABLE IV 


Effect of Heat oil the Activity of PuTified Puciivtococcu^ Extract 


Tube 

Broth 

Serum 

factor 

(chest 

fluid) 

R 

organism 

Tyr 

specUic 

Heated 
for 10 
min. at 

)eni 

e.\tract* 

Amount 

Colonies 

Specific 
agglutination 
of S colonies 

First culture 


cc. 

cc. 



cc. 



la 

1.5 

0.5 

D-39-Rt 

70 

1.0 

R and S 

T}TDe III 

2a 

1.5 

0.5 

D-39-R 

70 

1.0 

R only 

. — 

3a 

1.5 

0.5 

D-39-R 

70 

0.5 

R only 

. — 

4a 

1.5 

0.5 

D-39-R 

so 

1.0 

R only 

— 

5a 

1.5 

0.5 

D-39-R 

so 

1.0 

R only 

— . 

6a 

1.5 

0.5 

D-39-R 

so 

0.5 

R and S 

Tj-pc III 

7a 

1.5 

0.5 

D-39-R 

90 

1,0 

R only 

— 

8a 

1.5 

0.5 

D-39-R 

90 

1.0 

R only 



9a 

1.5 

0.5 

D-39-R 

90 

0.5 

R only 

— 


First subculture 


lb 

1.5 

0.5 

From Tube la 

■1 


R and S 

T}"pc III 

2b 

1.5 

■9 

From Tube 2a 



R only 

— 

3b 

1.5 

W3m 

From Tube 3a 

■I 

0.5 

R and S 

Type III 

4b 

1.5 


From Tube 4a 

SO 


R and S 

T}Tpc III 

5b 

1.5 

mm 

From Tube 5a 

SO 

1 1.0 

R and S 

1 T}T5e III 

6b 

1.5 

1 

0,5 

From Tube 6a 

so 

0,5 

R and S 

T>"pe III 

7b 

1.5 

mm 

From Tube 7a 

90 

1.0 

R only 

— 

Sb 

1.5 

99 

From Tube 8a 

90 

1.0 

R and S 

T>T)e III 

9b 

1.5 


From Tube 9a 

90 

0.5 

R only 

— 


Second subculture 


2c 

IB 

■B 

From Tube 2b 

70 


R and S 

T^'pe HI 

7c 

■H 

■9 

From Tube 7b 

msm 

1.0 ; 

R only 

— 

Sc 

1.5 

! 0.5 

From Tube 8b 

mm 


R and S 

T^^pc III 

9c 

1.5 

0.5 

From Tube 9b 

90 


R only 

— 


Third subculture 


7d 

IB 

■B 

From Tube 7c 

Bl 

1 1.0 

R only 


9d 

IB 

■b 

1 From Tube 9c 

Bl 

0.5 

R only 

1 


* Extract of Type III S pneumococci prepared by dissolving the culture in a 
solution of sodium desoxycholate, precipitating in alcohol, and extracting the 
precipitate in saline solution. 

t Strain of R Pneumococcus derived originally from T\T>e II S organisms. 
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through the N but also through the W type of Eerkefeld filter. 
the extract was acid, however, filtratioh resulted in complete loss of 
activity. The purified extracts passed through W filters were crystal- 
clear and colorless. They still exhibited full activity as demonstrated 
by the results of the filtration experiment recorded in Table V. 

TABLE VI 


Active Immunity Induced in Mice by Injection of Purified Pneumococcus Extract 

{Type I) 


Mouse 

Type I extract* injcctcdf 

Virulent culture of 
Type I pneumococci 
injcctcdt May 11 

Result 

Apr. 27 

Apr. 30 

Afay 4 



cc. 

cc. 

cc. 


1 


0.2 

0.2 

0.001 

s 

2 

0.2 


0.2 

0.001 

D IS 

3 

0.2 

0.2 

0.2 

0.0001 

D IS 

4 

0.2 

0.2 

0.2 

1 0,0001 

s 

5 

0.2 

0.2 

0.2 

0.00001 

s 

6 

0.2 

0.2 

0.2 

0.00001 

s 

> 7 

0.2 

0.2 

0:2 

0.000001 

s 

8 

0.2 

0.2 

' 0.2 

0.000001 

D 60 


Virulence Control 


Mouse 

Virulent Type I culture! 

Result 

1 ^ 

cc. 

0.001 

D IS 

2 i 

0.0001 

D 18 

3 

0.00001 

D 24 

4 

0.000001 

D40 

5 

0.0000001 

D40 

6 

0.00000001 

D40 


* Extract prepared by dissolving Type I pneumococci in a solution of sodium 
desoxjTholate, precipitating in alcohol, extracting the precipitate in saline solu- 
tion, adsorbing with charcoal, and filtering through Berkefeld Y candle. 

t All injections made intraperitoneally. 

S = survived; period of observation 21 days. 

D = died; the numeral indicates the number of hours before death of the animal. 

Soluble Specific Substance . — The purified extracts contained vary- 
ing amounts of tlie soluble specific substance of the pneumococci from 
which they were prepared. However, the concentration of the type- 


















FURTHER OBSERVATIONS ON THE USE OF PNEUMO- 
COCCUS EXTRACTS IN EFFECTING TRANSFORMATION 
OF TYPE IN VITRO 

By J. LIONEL ALLOWAY, 

(From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, October 7, 1932) 

The fact has been conclusively proved by Griffith (1), and subse- 
quently confirmed by Neufeld and Levinthal (2) and Dawson (3) that 
R pneumococci derived from S organisms of one specific type may be 
transformed into S forms of a different specific type. The change was 
first accomplished in vivo by Griffith, who injected into mice living R 
organisms derived from one type of Pneumococcus together with large 
quantities of heat-kiUed S pneumococci of a different type. Living 
S forms of the same type as that of the killed S organisms injected, 
were recovered from the animals. 

Dawson and Sia (4, 5) succeeded later in bringing about transforma- 
tion of type in vitro. They inoculated with minute quantities of liv- 
ing R organisms derived from one type of Pneumococcus a medium of 
broth containing anti-R serum and the whole heat-kiUed S organisms 
of a different t3q)e. From the cultures originally inoculated with R 
pneumococci, S organisms were recovered which vrere identical in 
type with that of the killed S pneumococci present in the medium. 
In a previous paper from this laboratory (7), experiments were de- 
scribed in which transformation of type had been effected m vitro 
through the use of cell-free extracts of S pneumococci. These ex- 
tracts, although filtrable, were crude and contained large amounts of 
cellular debris now knowm to be unessential for the transformation. 
Moreover, the earlier method of preparation resulted in the loss of a 
considerable amount of the active substance. The present paper 
describes a more efficient method of extracting pneumococci, and 
records the results of attempts to purify further the active 
substance. 


265 



276 
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the soluble specific substance. Extracts which were apparently 
equally potent in causing transformation varied considerably in their 
content of soluble specific substance. It has been proved (6) that the 
specific capsular polysaccharide in chemically purified form, as such, is 
ineffective in inducing transformation in type. It seems probable 
therefore, that if the soluble specific substance in these extracts is 
concerned at all in the reaction, it is present tliere in a different physical 
state, or in combination with some other substance which confers 
upon it properties not found in the cliemically isolated and highly 
purified substance. 

Certain strains of R pneumococci were found to be more resistant 
to transformation than were others, but none were encountered whicli 
were completely refractory. Transformation of R pneumococci de- 
rived from Type II strains to the Type III S forms in the presence of 
Type III extract seemed to take place almost abruptly. Very rarely 
were transitional colonies noted. Likewise, under the influence of 
Type II extract, R cells derived from Type III organisms changed 
abruptly to Type II pneumococci. However, the change of R forms 
derived from Type II pneumococci to Type I S organisms was a more 
gradual one, and required, at times, a series of transfers in the specific 
extract medium. In this instance, all stages in transformation were 
noted in colonies plated from an individual culture. Once the change 
was complete, however, the newly acquired type-specific characters 
persisted. 

The factor which is presumably common to blood serum, ascitic 
and chest fluid, and which is essential in the reaction, remains unknown. 
No experiments were successfully completed without the addition to 
the medium of one or another of these three related substances. 

The present experiments afford additional evidence that the trans- 
formation in t}q)e is not apparent, but real, and that tlie changes arc 
brought about in the presence of the extract through the specific ac- 
tion of a soluble constituent present in S forms of pneumococci. It 
is almost inconceivable that any living element in the pneumococcus 
cell could survive the drastic procedures employed in the preparation 
of the extracts. Through the action of sodium desoxycholate, pneu- 
mococci were completely dissolved so that no recognizable cellular 
forms remained. The extracts were heated to 60°C. for a total of 30 



J. LIONEL ALLOWAY 


267 


in this laboratory. In fact, no transformation has been possible in 
the author’s experience Yrithout the use of serum or a serous fluid in 
the medium. 

Hog serum and anti-R rabbit serum were used in earlier experiments. It has 
been found recently, however, that sterile ascitic or chest fluid is more effective 
than blood serum, when added to the nutrient broth in proportion of 1 to 3. The 
chest fluid used in the present experiments was obtained from a patient with 
cardiac failure and general anasarca. It was a straw-colored, clear transudate, and 
proved sterile on culture. Prior to use it was filtered through a Berkefeld V 
candle. Titrations of its anti-R properties revealed that it would agglutinate 
R pneumococci only in dilutions of 1-20, or, rarel}’', 1—10. 

Cultural Teclimc . — ^The cultural technic emplo 3 >’ed in effecting the transforma- 
tions was similar, save for minor changes, to that described in an earlier paper (7). 
Inocula, consisting of 1 drop of a dilution of an 8 hour culture of R pneumo- 
cocci, were added to a series of tubes containing 1.5 cc. of broth, 0,5 cc. of chest 
fluid, and varying quantities, 0.05 to 1.0 cc., of the specific pneumococcxis extract. 
The cultures were grown aerobically at 37°C. for 24 hours. Transfers to fresh 
medium were made serially ever^’' 24 hours, 1 drop of cultme being carried forward 
to a corresponding tube in the second series. At the time of each transfer, sub- 
cultures were made on blood agar plates for the subsequent stud 3 ’’ of the colony 
characteristics of the organisms. No experiment was considered negative imtil 
five serial transfers were made. Whenever smooth colonies were noted on sub- 
culture, one t 3 qDical coIon 3 '' was transferred to blood broth and the specific type of 
the organisms was subsequently identified serologically. 

Activity of Extracts, — Extracts made from S pneumococci by the 
action of sodium desoxycholate proved much more effective in induc- 
ing transformations in type than did the extracts which were formerly 
prepared from frozen and thawed organisms. The}’’ were effective in 
high dilution, and even failed to induce a change if present in too great 
concentration. Conversion of R pneumococci derived from Type II 
S organisms into Type III pneumococci could be accomplished in al- 
most all instances by means of an extract of Type III organisms. 
Table I shows the results of a typical experiment. 

Further Purification of Extracts 

Adsorption on Charcoal, — Attempts were made to separate the ac- 
tive transforming material from the inert cellular debris by the use of 
various adsorbents. Powdered wood charcoal was found to give 
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heating to temperatures above 80°C., some extracts have been found 
active even after an exposure of 10 minutes to a temperature of 90°C. 
They have been completely inactivated by boiling. 

Relatively small amounts of extract have been effective when added 
to a broth medium containing normal serum or serous fluid. In this 
medium, R pneumococci, irrespective of their type derivation, have 
developed and thereafter retained all the type-specific cliaracteristics 
of the encapsulated S cells from which the extract was prepared. 

The specific action of the extracts is discussed with reference to 
their transforming and antigenic properties. 
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MECHANISM OE LYSIS 


a motion photomicrographic analysis of the lysis of BacL coU by bac- 
teriophage. Their film, nnfortimately, lacks sequence, was not made 
at a sufficiently rapid rate of exposure and has not been used to pro- 
vide measurements of the cells. 

In order to gain information on these subjects and to obtain an 
objective measurable record of serial cellular clianges, we have taken 
numerous motion pictures of Bact. coli and B^ 'inegatherunn under the 
influence of bacteriophage. Representative groups of our observations 
illustrated with photomicrographs of the terminal stages of lysis will 
be presented in this paper. 

Methods and Materials 

The photomicrographic apparatus used was an improved form of the one 
devised by Bayne- Jones and Tuttle (6) in 1927 and now manufactured by the 
Bausch and Lomb Optical Co, Exposures upon Eastman 16 mm. panchromatic 
reversal films were made at rates of 2 and 30 per minute and at 8 per second. The 
light from a 6 volt, 108 watt tungsten filament lamp, 1 m. from the mirror of the 
microscope, was filtered through a 6 cm. glass cell containing a saturated aqueous 
solution of quinine bisulfate, neutral density filters and a Wratten B5S green filter 
transmitting light chiefly in the region 460-600 m^t. Tliese filters were removed 
for exposures at the rate of 8 per second. No abnormalities of form or growth 
were attributable to the light. The preparations were under visual inspection 
at all times. 

A magnification of X 300 upon the film, with satisfactor}" definition, was obtained 
by using a 1,8 mm. fluorite oil immersion objective and a X 3 negative ocular. 

The culture chamber for the preparation to be photographed was made by seal- 
ing a glass ring O.S-0.8 mm. thick on a large No. 2 cover-glass. This was attached 
to a rectangle of aluminum 1 mm. thick, having a circular opening in the center 
to permit racking up the substage condenser to compensate for slide thickness. 
In the well formed b}^ the glass ring a cone of nutrient agar was built up by placing 
drops of melted agar in the center by means of a capillary pipette. The top of 
the cone was slightlj^ above the level of the top of tlie ring. Wien the agar was 
firm it was inoculated thinly with bacteria when normal growth was to be observed, 
or first with bacteria and immediately afterward with a drop of lytic filtrate when 
bacteriophage action was to be photographed. A No. 1 cover-glass was placed on 
top of the cone and sealed to the top of the glass ring. This flattened the top of the 
medium to a table 3-5 mm. in diameter. The bacteria were not compressed but 
grew here in a single layer. A very thin film of liquid was present between the 
cover-slip and the agar medium. Distortion and hindrance of growth due to 
dr\dng occurred occasionally, but was easily detected. The cover-glasses and 
ring were sterilized in a flame just before use. They were sealed with a mixture 
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Alcohol was substituted for acetone with equal success. Most of 
the active material was precipitated by 70 per cent alcohol: all by 100 
per cent. The active substance after precipitation in acetone or alco- 
hol was soluble in water. No demonstrable loss in potency resulted 
from treatment with these reagents as is evidenced by the data pre- 
sented in Table III. 

Properties of the Extract 

Resistance to Heat . — ^The transforming substance was more resist- 
ant to heat in extracts freed from much of the extraneous material 
present in the whole pneumococcus cell and in the crude preparations. 
Griffith and Dawson both found (1, 3, 6) that heating the intact cells 


TABLE m 

Activity of Pneimococctis Extract after Frccipitaiion by Acetone 


Tube 

1 

Broth 

Serum factor 
(chest fluid) 

1 R Pneumo- 
coccus derived 
from Type H 
organisms 

Specific 
i extract of 
Type m 
pneumo- 
cocci* 

Colonies 

Specific 
agglutination 
of S colonies 

1 

1 

cc. 

1 

cc. 1 


cc. 



1 

1.5 

MsM 

D-39-R 

1.0 

R and S 

T^-pe m 

2 

1 .5 


D-39-R 

1-0 

R and S 

Type in 

3 

1 .5 

0.5 

D-39-R 

0.5 

R and S 

T3’pe in 

4 

1.5 

0.5 

— 

1.0 

Sterile 

— 


* Pneumococcus extract prepared by precipitating the charcoal-adsorbed puri- 
fied extract of S organisms in acetone and extracting the precipitate in distilled 
water. 


to temperatures above 80®C. rendered the bacterial suspensions used 
in effecting transformations in vivo^ incapable of inducing changes in 
tj’pe, whereas heating them at lower temperatures, if the exposure 
was not too long, caused very little decrease in potency. Experi- 
ments with purified extracts demonstrated that although these prepa- 
rations showed a progressive drop in potency on heating above 80^C., 
nevertheless they were occasionally active after 10 minutes’ exposure 
in the water bath to a temperature as high as 90®C. The effect on 
the activity of an extract heated for 10 minutes at 70°, 80°, and 90°C. 
respectively, is c\ddent from the experimental results given in Table 
W. 
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a period of lag, the average largest volume, 3.9 cubic micra, was 
attained 70 minutes after the start of growtli on new medium. After 
this time, the volume decreased at first rapidly and later more slowly 
to a relatively constant value of 0.75 cubic micra. The maximum 
breadth, 1.11^ was attained at 70 minutes and the maximum length, 
5.02/i at 90 minutes. The growth rate in bulk of each cell reached a 
maximum in about 1 ^ hours after the start and thereafter approached 
zero rapidly. At first reproduction was associated uith large increase 
in volume. Later, multiplication occurred through fission of cells 
without increase in volume, subdivisions producing smaller individuals. 
The average normal generation spans in minutes, indicated by Roman 
numerals on this graph, were I, 66-90; II, 13-23; III, 15-20; IV, 20; 
V, 20; VI, 35^0. 

Measurements of initial and final dimensions and volume of 46 13'^sed 
cells of cultures of Back coli ■\Adth bacteriophage are presented in Table 
I. The complete course of 35 of these cells was known. From them 9 
cells which undenvent lysis have been selected as representing the 
various degrees of change observed in the photographs made at tlie 
rate of 2 per minute. Measurements of changes in their dimensions 
and volumes, measurements of the parent of 2 of these cells and other 
information about them are set fortli in Table II. The measurements 
were made at intervals of 1 minute, but in this table the results are 
stated at intervals of 10 minutes, or at longer or shorter intervals, 
according to the occurrence of significant clianges. 

The period of these observations was approximately the same as 
that required by a 1—1000 dilution of this specimen of bacteriophage to 
clear a broth culture. In these experiments the undiluted bacterio- 
phage added to the bacteria on the agar cone did not inhibit growth. 
The times of lysis after mixture and inoculation and the number of 
cells 13’^sed (Table I) were as follows: 40-49 min., 2; 50-59 min., 1; 
S0-S9 min., 2; 90-99 min., 2; 120-129 min., 2; 130-139 min., 7; 140- 
149 min., 4; 150-159 min., 8; 170-179 min., 1; 180-189 min., 5; 
190-199 min., 7; 200-209 min., 1; 230-239 min., 1; 250-259 min., 1; 
260-269 min., 1. Lysis did not occur before the 40th minute after 
inoculation. Thereafter, it occurred chiefly in four waves at in- 
tervals of 20-40 minutes, with scattering in the last hour of observa- 
tion. This periodicit3^ of the occurrence of 13’sis has been noted by 





Volume — cubic mi era 


Normal 



Text-Fig. 1. Changes in volume of cells of Bact, colt. The upper cun'c is a 
graph of averages of volumes of cells of normal cultures at 10 minute intervals 
during the first 200 minutes of growth. The three sets of graphs below this show 
volume changes at 10 minute inten’als of cells under the influence of bacteriophage. 
CcU A divided. Cells Aal, Aa2, B, D, E, Gdll21, Gel2111, H and Id2I22 under- 
went lysis. For data see Table II. Photographs of Cells Aal, Aa2 and B arc 
reproduced in Figs. 1-8, 
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TABLE II — Concluded 


Cell No. and 
generation 

r- 

Time after 
inoculation 

Length 

Breadth 

Volume 

Volume increase 

Duration 

span 


viitu 

micra 

vixcra 

cubic viicra 

1 cubic mien 

J Per cent 

r«‘n. 

D,I 

6 

1.99 

0.66 

0.69 



93.3 


10 

1.86 

0.79 

0.93 

0.27 

39.13 



20 

1.99 

0.93 

1.36 

0.67 

97.1 



30 

1.59 

0.93 

1.08 

0.39 

55.07 



40 

2.66 

1.97 

2.98 

2,29 

331,99 



50 

3.25 

1.33 

4.59 

3.90 

565,21 



60 

3.32 

1.46 

5.59 

4.90 

710.14 



70 

3.46 

1.33 

4.77 

3,08 

446.37 



so 

3.58 

1.33 

4.77 

3.08 

446.37 



90 

3.46 

1.59 

6.91 

5.22 

756.52 



95 

3.46 

1.59 

6.16 

5.47 

792.75 



96 

3.46 

1.59 

6.91 

6.22 

901.45 



97 

3.46 

1.59 

6.91 

6,22 

901.45 



98 

3.72 

1.59 

7.45 

6.76 

979.7 



99 

3.72 

1.59 

7.45 

6,76 

979.7 



99.3 

3.72 

1.59 

7.45 

6.76 

979.7 


E, I 

6 

1.46 

0.66 

0.51 



42 


10 

1.59 

0.79 

0.79 

0.28 

56.86 



20 

1.46 

0.93 

0.99 

0.48 

94.11 



30 

1.46 

0.93 

0.99 

0.48 

94.11 



40 

1.59 

0.93 

1.08 

0.57 

111.96 



48 

1.59 

0.93 

1.08 

0.57 

111.96 


Gdll21, V 

130 

1 

3.32 

0.93 

1 

2.26 1 



' 51 


140 

! 3.99 

0.93 

2.72 

0.46 

' 20.35 



ISO 

5.45 

0.93 

3.71 

I 1.45 

64.16 



160 

7.05 

0.93 

4.79 

2.43 

107.52 



170 

7.05 

0.93 

4.79 

2.43 

107.52 



180 

7,05 

1.19 

7.92 

5.66 

250.4 



181 

7.05 

1.19 

7.92 

5.66 

250.4 


Gcl2111. VI 

150 

3.86 

0.93 

2,62 



40 


160 

3.86 

0.93 

2.62 

0 

0 



170 

3.86 

0.93 

2.62 

0 

0 



ISO 

3.86 

0.93 

2.62 

0 

0 



190 

3.86 

0.93 

2.62 

0 

0 


H,I 

10 

1.59 

0.79 

0.79 



116 


20 

1.79 

0.S6 

1.05 

0.26 

32.91 



30 

1.99 

0.99 

1.56 

0.77 

97.47 



40 

2.13 

0.99 

1.66 

0.87 

110.12 



50 

2.39 

0.99 

1.87 

l.OS 

136.1 



60 

2.66 

0.93 

l.Sl 

1 02 

129.11 



125 

2.66 

0.93 

l.Sl 

1.02 

129,11 



126 

2.66 

1.19 

2.99 

2.20 

277.21 


Id2122, V 

150 

2.66 

0.93 

1 81 



0.03 


many others and at one time was correlated nith the periodic in- 
crease of bacteriophage in the medium, supposedly due to liberation 
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minutes during the course of preparation, and in sealed glass tubes 
were completely immersed in the water bath during part of the heat- 
ing. They were exposed to the action of absolute alcohol for 30 
minutes, and were saturated with alcohol of varying strength for 
several hours. They were treated with charcoal which removed much 
of the particulate matter, and were finally filtered through Berkefeld 
V filters. They could even be heated to 90°C. for short periods, or 
passed through Berkefeld W filters and stiU remain active. Controls 
of sterility were exceedingly rigid. The extracts were injected in 
large amounts into mice without any untoward effects. All cultures 
of the extracts and of animals sacrificed at various intervals after the 
injection of active material, were sterile. 

The exact nature of the active material in these extracts still re- 
mains to be determined. That it acts as a specific stimulus to the R 
cells which have potentially the capacity of elaborating the capsular 
polysaccharides of any one of the several types of pneumococci seems 
clear. 


STJiQIARY 

Pneumococcus extracts highly active in inducing the in vitro trans- 
formation of the specific t)qDes of Pneumococcus have been prepared by 
dissolving S cells with sodium desoxycholate, precipitating the dis- 
solved material in alcohol in which the bile salt remains soluble, and 
extracting the precipitate in salt solution. Further purification of 
these active extracts has been attained by the removal of considerable 
inactive material by charcoal adsorption and by reprecipitation of the 
adsorbed extract in alcohol or acetone. The importance of using 
young cultures for extraction, and of preventing autolysis during the 
preparation of the extracts, is emphasized. 

Extracts prepared by the method described have been filtered 
through Berkefeld Candles (V, N, and W) without appreciable loss in 
activity, provided the reaction of the extract was slightly alkaline at 
the time of filtration. The purified and filtered extracts are water- 
clear, and sterile by rigid cultural and animal tests. They have been 
heated to temperatures of 60°C. for 30 minutes without appreciable 
loss in their capacity to induce specific changes in type. And al- 
though they have generaUy shoum definite decrease in potency after 
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averages to answer questions relating to the increase in volume of cells 
of Bact. coli undergoing lysis by bacteriophage. The average volume 
of the 46 lysed cells (Table I) was 4.07 cubic niicra. This is only 
slightly greater, 0.17 cubic micra (4.36 per cent), than the average 
maximum volume of normal cells. When, however, these cells are 
compared vuth cells of the same generation and vith cells in cultures 
of the same age as these at the time of lysis it is seen that while a few 
are the same size as that of the average for their generation and age, 
most of them are from 1 .5-3 times as large as nomial cells of the same 
generation and from 2—18 times as large as cells in normal cultures of 
the same age. The comparison is distorted by the persistence of first 
generation cells through a period at which the normal culture would 
have passed the sixth generation. As we shall show, there is appar- 
ently a relationship between generation and capacity to enlarge. The 
increase in volume of the 35 cells whose histories ivere known was from 
0-979 per cent; 11 cells increased by 100-979 per cent; 24 increased 
by 0-87 per cent. The 24 cells which did not double their volumes 
during this phase of bacteriophage action included 14 sixth generation 
cells. All were larger than cells of the same generation in normal 
cultures. The progress of tliis phase of increase in size is shown in 
Figs. 1-8. 

The relationship of the degree of increase in volume to the generation 
of the cell can be obtained from Table I. First generation cells, with 
2 exceptions, increased volume by 111-979 per cent. One of these, 
Cell B, attained enormous proportions. Second generation cells, 
with 2 exceptions, increased from 120-181 per cent; third generation 
cells from 19-131 per cent; fiftli generation cells from 5-250 per cent; 
sixth generation cells from 0-87 per cent, -with the mean increase about 
20 per cent. Botlr tire absolute sizes and the percentage increase in 
volume of the first and second generation cells were much greater than 
the volumes and increase in volume of the cells of the later generations. 
It is apparent, tlrerefore, that the capacity for volume enlargement by 
swelling is greater in cells of the first three generations than in those of 
later generations, without regard to their duration or prolonged age at 
the tune of l 3 ’’sis. 

The final stage of lysis occupies so brief an intcn^al that the lysed 
cells seem to fiash from view. By making exposures at the rate of 8 
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Outlines of the changes in shape and size of bacteria under the influ- 
ence of bacteriophage have been drawn from numerous visual and 
photographic records, and this composite material has given some 
insight into the mechanism of the lytic process. These observations, 
amply reviewed by Bronfenbrenner (1), do not require recapitulation 
here. Most observers have confirmed d’Herelle’s (2) statement that 
Gram-negative bacteria in a moist medium enlarge by swelling and 
eventually burst. Whether Gram-positive bacteria swell or burst is 
stUl an open question, as shown by the contradictory evidence in the 
recent papers of Bronfenbrenner (3) and Knueger and Northrop (4). 
The time intervals of the morphological changes preceding lysis, the 
relation of these changes to stages of growth and the time occupied by 
the final bursting or disintegration have not been precisely determined. 
The amount, character, distribution and persistence of the residue 
remaining after lysis have not been adequately described. Very few 
measurements of dimensions of cells or of time intervals have been 
presented in reports on the bacteriophagic process. In their lack of 
quantitative data on serial changes m cells and their residues, the 
available records are deficient in the material needed for the construc- 
tion of generalizations. 

Recognizing this defidency, Bronfenbrenner, hluckenfuss and Het- 
ler (5) were the first to attempt to supply the required data by making 
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there were band-like enlargements across the transverse axis of the 
cells, and the ends of the cells appeared to be less swollen proportion- 
ately than the central regions. 

. . I Cell Ahs 


ijggaamniMinwMi 


257 15 % % 16 % % % 


Cell Bhs 






260 50 % % % 51 


Time 

Text-Fig. 2. Changes in dimensions and volumes of Cells Ahs and Bhs of 
culture of Bacl. coli during the terminal stages of lysis by bacteriophage. For 
data see Table III. Photographs of these cells are reproduced in Figs. 11-33. 

Photographs of Cell B, Figs. 1—8, and Cells Ahs and Bhs, Figs. 
11-33, show a more or less round or oval clear area in the central 
remon of the cells. Tins appeared first when swelling began and con- 
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of bacteriophage are those relating to Cell G and its descendants. We 
have records of measurements of Cell G and 46 of its descendants. 
This family flourished and died out in an area of active bacteriophagic 
lysis during a period of 230 minutes. Generation times were as 
follows: I, 65 min., II, 20 min.. Ill, 15 min., IV, 15-20 min., V, 15- 
50 min., VI, undetermined. The generation spans up to the fourth 
generation were normal. Abnormality evidenced by lengthening of 
the generation span did not occur until the fifth generation was 
reached. The first 3 cells of this family to undergo l)^sis were members 
of the fifth generation. Twelve remaining members of this generation 
could be observed. All except 2 of them divided in from 15-20 min- 
utes. Seventeen out of the possible 26 members of the sixtli generation 
could be seen and measured. Of these 14 underwent lysis in 38-60 
minutes, 2 divided after 50 minutes and 1 had neither divided nor 
dissolved 185 minutes after its formation, when the camera was 
stopped. The volumes of the cells in the first three generations were 
somewhat but not significantly larger than those of normal cells of 
these generations. The records show that while bacteriophage in- 
hibits the multiplication of some first generation cells, it may affect the 
size but not the reproductive processes of other cells. It seems prob- 
able that bacteriophage was absorbed by members of at least the 
second and third generations of this G family and was passed on to the 
descendants at times of fission until lysis ended the lives of the individ- 
uals. 

Obseroatioiis on the Lysis of B. megatherium 

Measurements of changes in dimensions and volumes of cells of 
normal cultures of B. megatherium must be used for comparison with 
the dimensions and volmnes of cells of tliis species under the influence 
of bacteriophage. Our comparisons were made witli measurements of 
normal cells at half-hour intervals during 14 hours of growtli, under 
the conditions prevailing in these experiments. These measurements 
were averages of those published by Adolph and Ba>me-Jones (9) 
and of those made in immediate connection nath this motion photo- 
micrographic study of die lysis of B. megatherium. The progression 
of clianges in volume are shown in the upper graph of Te.xt-fig- o. 
Average length of cells of B. megatherium starting from 2.6/i passed 




TABLE IV 


Dmensions and Vohmc of Cells of B. incgathcmm tender Influence of Bacteriophage 

Cells placed in view 145 minutes after inoculation of the medium. These are 
shown in Figs. 34-43. Generations estimated to be III and IV. Volume = 
7r/4 length x (breadth)^. Lysis complete at time indicated in line with dashes. 
Cells too indistinct for measurement during last minute. 


Cell No. 

Time after 
inoculation 

Duration 

under^ 

observation 

Length 


min. 

min. 

micra 

A 

481 

351 

5.59 


496 


5.59 


496.1 


— 

B 

4S1 

421 

5.72 


495 


5.91 


525 


5.91 


555 


5.91 


564 


5.1 


566 


5.32 


566.5 


— 

C 

481 

433 

3.99 


495 


3.99 


566 


3.99 


578 


3.19 


578.5 


— 

Cl 

481 

438 

3.99 


525 


3.99 


583 


3.99 


583,1 


— 

B 

481 

549 

6.78 


581 


6.78 


582 


6.78 


694.5 


5. 85 


694.6 


5.72 


694.7 


1 

E 

481 

526 

3.99 


495 


1 4.19 


525 


4.52 


670 


3.72 


671 


— 

F 

481 

531 

4.59 


525 


4.79 


674 


4.26 


674.7 


3. 86 


676 


— 

G 

481 

443 

2.67 


495 

j 

1 

2.79 


525 

1 

1 

3.59 


555 


3.99 


584 


3. "2 


5SS 


— 


Breadth 

Volume 

Volume increase 




per cent 





El 

7.75 


0 

1.39 

8.62 



1.33 

8.21 

-0,41 

-5.1 

1.39 

8.91 


4.7 

1.46 

9,94 

1.32 

15,31 

1.46 

8.5 


-1.72 

1.33 

9.42 

mm 

14.80 

— 

— 

— 

— 

1.33 

5.54 



1.33 

5.54 



1.33 

5.54 


0 

1.19 

3,58 

-1.96 

-35.37 

— 

— 

— 


1.33 

5.54 



1.33 

5.54 


0 

1.33 

5.54 

0 


— 

— 

— 

■ 

1.39 

10.22 

1 


1,39 

10.22 

0 


1.33 

9.42 

-0.80 

-7.80 

1.06 

5.19 

1 -5.03 

I -.49.20 

1.06 

5.07 

-5.15 


— 

— 

— 

* 

1.46 

6.72 



1.46 

7.04 


4.7 

1.46 

7.59 

0.87 

12.8 

1.46 

6.26 

-0,46 

-6.8 

— 

— 

■ — 


1.46 

7.71 



1.46 

8.04 


4.2 

1.46 

7.15 

-0,56 

-7.2 

1.46 

6.48 

-1.23 

-15.9 

— 

— 

— 


1.33 

3.7 



1.33 

3.88 

0.18 

4. OS 

1 .33 

4.9S 

1.28 

34 6 

1.53 

5.55 

1.85 

50.0 

1.33 

5.17 

1.47 



— 

— 
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in the third and fourth generation at the time when reproduction 
ceased. It is seen from Table IV that the approximate duration 
spans of these cells was from 496-791 minutes. They overlapped 
without fission all the generations that would have occurred in a 



Time a^tec inoculation 


Text-Fig. 3. Changes in volume of cells of B. vicgalhcrium. The upper cun^e 
is a graph of averages of volumes of cells in normal cultures at half-hour interv^als 
during 14 hours of growth. The lower part of the chart shows graphs of volume 
changes of Cells A, B, D and J, which underv'ent lysis. For data see Table It 
Photographs of these cells are reproduced in Figs. 34-43. 


normal culture from about tlie 2nd or 3rd to the 13th hour. We do 
not know how many generations would have occurred normally m 
tins period, but know that normal cultures of this species pass the 
nintli generation before the 7th hour of growth. 
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MECHANISM OF LYSIS 


nous and appeared to be composed of amorphous material from the 
bacterial substance together with refractile granules which were visible 
before lysis. There was no indubitable evidence of hollow shells of 
cell walls remaining after disintegration of the internal substance of 
the cell. 

In the microscopic observation of lysis of Bact. coU we were always 
able to find foci of bacteriophagic activity. I^diat, no doubt, would 
appear to the naked eye to be a plaque can be seen under the micro- 
scope to be composed of scattered cells undergoing lysis in different 
groups separated by 10 to 20ju. Lysis spread to contiguous cells. 
This spreading of the action of bacteriophage was seen most clearly 
in the bands of cells of B. megatherimn shown in Figs. 34-43. Lysis 
began at the point marked ‘‘Sp” in Text-fig. 6. By grouping tlie 
cells in the order of their disintegration, it is seen that lysis spread 
first along the Chain A, B, C, Cl. Then it started in Cell G and 
spread through the Group G, Gl, H and HI. From a third focus it 
spread next through the Group D, E and F. The last group to be 
affected were Cells K, Kl, M, N, 0 and 01. In this small field there 
were four foci of lysis. From each focus lysis traveled through a 
group of contiguous and related cells. The spread was partly by 
contact, but also definitely along paths of genetic relationships. 

DISCUSSION 

It is obvious that these visual and photographic records cannot 
explain the whole mechanism of lysis and give no direct information 
about the nature of bacteriophage. Nevertheless, they record in 
quantitative terms phenomena which must be taken into account by 
any theory. They provide a basis for critical comments on prevail- 
ing groups of theories. 

Since many cells of Bact. coli and all the dissolved cells of B. wc- 
gathcriwn undenvent lysis without enlargement, it is apparent that 
swelling is not an invariable or necessary antecedent to lysis. These 
observations, therefore, are opposed to d’Herelle’s theory that bac- 
teriophage distends the cells it dissolves. 

Our observations were not capable of giving any evidence upon the 
possibility of the production of minute in\dsible forms from the I}'scd 
cells. The process of lysis looked like a bursting or disintegration, 
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MECHANISM OF LYSIS 


have no experimental data to support this hypothesis, but our measure- 
ments of cellular ciianges and pictures of the cellular debris suggest 
that surface tension changes may be important in the mechanism of 
lysis. 


SUMMARY AND CONCLUSIONS 

This paper contains the records of a motion photomicrographic 
investigation of the lysis of Bad. coli and B. incgatheriMn by bacterio- 
phage, The bacteria mixed with bacteriophage were grown on moist 
nutrient agar in small culture chambers on the stage of a microscope 
in an incubator maintained at 37°C. The apparatus used permitted 
continuous inspection of the preparations. Photographs were made 
at the rates of 2 and 30 per minute and at the rate of 8 per second dur- 
ing the terminal stage of lysis of Bad. coli. The accurately timed 
films were studied by rapid projection and by the projection of single 
frames. Measurements of dimensions of cells, calculations of volumes, 
information on generations, generation times and duration spans are 
presented in the tables. Similar information on normal cultures 
grown and photographed in the same way is furnished for comparison. 
Groups of serial photographs are reproduced in the plates to illustrate 
the special features observed. 

These observations seem to us to warrant the following conclusions: 

1. Enlargement or swelling of the cells of Bad. coli usually, but not 
always, precedes lysis. Some of the enlargement is an expression of 
increase of cell substance and is not altogether due to imbibition of 
water. Cells of early generations of Bad. coli enlarge to greater abso- 
lute and relative proportions than cells of later generations. Enlarge- 
ment does not occur before lysis in B. megatherium. 

2. The terminal stage of lysis of Bad. coli is explosive, occupying 
to ■§■ second. The terminal stage of Ij’^sis of B. megatherium is a slow 
disintegrative process, extending over 2-10 minutes. 

3. Bacteriophage inhibits fission of some cells, but does not stop 
the reproduction of otlier cells in contact vdth it. The genealogical 
records of six generations of cells of Bad. coli and of two generations 
of cells of B. megatherium indicate that bacteriophage may be trans- 
mitted through parents to the offspring which ultimately undergo lysis. 



S. BAVNE-JONES AND L. A. SANDHOLZER 


291 


tinued to the end. Its shape did not change greatly during the swell- 
ing of the cells. We are unable to state whether this is a “pore” or 
vacuole or an optical effect of focus giving a bright spot at the top of 
a convex surface. We are inclined to interpret this appearance as an 
optical effect rather than an indication of a physical vacuole. 

Rapid projection of the films showed a scattering of cellular debris 
at the moment when a cell burst. This debris was flung to a distance 
several times the width of the cell. The debris was amorphous and 
contained a few granules if any were previously present in the cells. 
The residue had the appearance of gelatinous material. No cell 
envelope was visible among the masses or blocks of bacterial substance. 
It was suggested by an expert microscopist that an effect like that seen 
in these photographs might have been produced by minute compres- 
sions or fractures in the agar. To test this point, we photographed 
cells lysed in peptone water. Here also a similar t}rpe of debris re- 
mained visible after bursting of the ceUs^ as shown in Figs. 9 and 10. 
We are of the opinion that the pattern of the debris, its appearance of 
being projected from the region of the bursting cell, its amount and 
its visibility in a liquid medium, indicated that these appearances 
were produced by particles of bacterial substance and were not the 
optical effects of physical changes in the medium. The debris gradu- 
ally decreased, apparently by solution or dispersion, but it did not al- 
together disappear. It could be recognized 10-12 hours after the 
completion of lysis. 

The data presented in Table I give some information upon the effect 
of bacteriophage on reproduction by Bact. coli. All the first genera- 
tion cells which underwent lysis began to grow, increased in volume by 
assimilation or swelling to various degrees and persisted for different 
intervals up to 178 minutes in a medixun containing undiluted bac- 
teriophage. With the exception of Cell B, w'hich showed partial 
fission, none of these cells divided, although fission would have been 
e.xpected in normal cells of their relative size and age. Evidently, 
bacteriophage hindered multiplication of cells w'hich retained some 
capacity for growth in volume and a great capacity for abnormal en- 
largement. Other cells in the midst of bacteriophage grew and passed 
through three or four generations before any appearance of abnormal- 
ity occurred. The best data we obtained on this phase of the action 
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EXPLANATION OF PLATES 


Plate 25 


Figs. 1~10. Serial photographs of changes in si 2 
shape of cells of Bad. coli under the influence c 
CAzQyJ ^ bacteriophage. For diagram of cells see Text-fig. < 
/ ^ Enlargements from motion picture film made Dec. S 
1931. Exposures at rate of 2 per minute. X 200( 
I jpv Figs. 1-8. Bad. coli with bacteriophage in cultur 

\ \ on agar. 

\ Figs. 9-10. Bad. coli with bacteriophage in a dro] 

of peptone water. 

rr. „ . ^ Times after inoculation are as follows: Fig. 1, 6( 

Text-Fig. 4. Diagram of o ion • -n- • t-- ic/ 

r r> j 7 . T . min.; Fig. 2, 120 mm.; Fig. o, 146 mm.; Fig. 4, 1S( 

cells of shown m 77 - c icc • t?* 7 

p. mm.; Fig. 5, 155 mm.; Fig. 6, 155 mm. 30 sec.; Fig. 7 

* 178 min. 10 sec.; Fig. 8, 178 min. 40 sec.; Fig. 9, 13' 

min.; Fig. 10, 156 min. 

The great swelling of cells is clearly shown, particular!}^ of Cells Aal, Aa2 and 
B. The cellular debris, scattered when the cells burst, remains visible both on 
agar and in peptone water. 


Plate 26 


Figs. 11-33. Serial photographs of final stages of lysis of 
Cells Ahs and Bhs in culture of BacL coli with bacteriophage 
on agar medium. Exposures at rate of 8 per second. En- 
X J largements from motion picture film made Mar. 11, 1932. 

ly X 2000. For diagram of cells see Text-fig. 5. 

^ Times after inoculation are as follows: Fig. 11, 253 min. 

If sec.; Fig. 12, 257 min. If sec.; Figs. 13-22, thereafter at 
Text-Fig. 5. Dia- intervals of i sec.; Fig. 23, 257 min. 17f sec.; Fig. 24, 260 
gram of cells of min. 50 sec.; Figs. 25-33, thereafter at intervals of i sec. 
BacL coli shown in photographs show the rapid change from the cylin- 

Figs 11-33 drical through ellipsoidal to spherical form occurring during 

the last seconds of lysis. Both of these cells show bulging 
in the region of the transverse axis. This t}^e of lysis by bursting occupies from 
^ to t second. Cellular debris remains visible after lysis. 

The photographs show more or less round clear areas in the central regions of 
the cells. These may be vacuoles, but are probably to be interpreted as optical 
effects produced by a convex surface. 

Granules in tlie medium and specks due to enlarged grains in the films are readily 
distinguishable from bacterial debris, especially when the films are viewed by rapid 
projection. 
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SXIPRARENAL CORTEX. I 


possible to renew the study of the problem and its relation to clinical 
disorders. 


Method 

The adult male dog was used in the present study. It was chosen because in 
this form accessory suprarenal cortical tissue is rarely found (2). On the otlier 
hand, accessory chromafhn tissue occurs in considerable amounts, especiallj'' in the 
abdominal chromaffin body, so that it is unlikely that a critical deficiency may 
occur, except in so far as proper function of the medulla ma}’’ depend upon the 
integrity of the cortex (3). Lastly, the dog lends itself well to metabohsm experi- 
ments involving repeated collections of urine and blood, and can be trained for 
studies of the respiratory metabolism. The operation of suprarenalectomy in tlie 
dog is more difficult than in some other forms, but with practice can be performed 
rapidly with little danger. The anesthetic was found to be of importance. The 
animals received a preliminary injection of morphine, and care was taken to avoid 
excessive or prolonged etherization. They recovered promptty and generally in 
an hour or two were standing up in their cages, eating on the following day. A loss 
of 0.2 to 0.5 kilos in weight usually occurred but was regained witliin a week. The 
animals have been suprarenalectomized in two stages, the intervals between opera- 
tions varying from 1 to 5 weeks. Most of the operations (Swingle, Firor, Penick, 
Weinstein) were done from the lumbar approach, but several were also performed 
by the abdominal route (Widenhorn). In all, a group of about sixt}*^ animals have 
been studied during the past 2 years, and form the basis of this report. The 
possible effects of estrus or of pregnane}^ have been avoided b}'’ the exclusive use of 
male animals. In ever}?' instance the gland w^as removed intact, without tearing, 
in tlie surrounding fatty connective tissue. From this it was carefully dissected 
out, weighed, and the medulla was then removed by dissection underneath a hand 
lens for chemical analyses. We cannot assert tliat accessory cortical tissue does 
not exist. We can say that careful search at autopsy has uniformly failed to 
reveal its presence, that withdrawal of injections of the cortical extract has always 
been followed by the characteristic symptoms of insufficienc}?’, and that in every 
instance tlie animal has died when injections were not resumed in time to prevent 
such an outcome. 

The animals have been kept in well ventilated quarters in individual cages. 
They have been maintained on a standardized diet with daily exercise in the open 
air. Vermifuges were administered when indicated prior to operation. Further 
details as to care of the animals and the administration and assay of the cortical 
extract have been given in a recent article on a biological method for assay of the 
hormone (4).^ All of our dogs are now vaccinated as routine against distemper 
before operation. 


1 The dog unit is defined as the minimum daily kilo dose of cortical hormone 
necessary to maintain normal physiological conditions in the supra renalcc tom ize , 
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noticeabl6 immediate physiological effect. No symptoms of over- 
dosage were detectable in the intact animal even after continued 


TABLE I 


EJfcct of Cortical Extract Injection on Blood of the Intact Animal. No Evidence of 
Discomfort or Abnormality of Behavior after the Injection 
Dog 8, weight 14.4 kilos. 


Date 

Non- 

Sugar 

Creat- 

imne 

Serum 

Serum 

Plasma 

proteins 

Albumin 

Oxygen 

capacity 

I>rotcin 

nitrogen 

phos- 

phate 

choles- 

terol 

Globulin 

ratio 

mo 

wg. ptr 
100 cc. 

mg. per 
100 cc. 

ntfi, per 

100 CO. 

per 
100 cc. 

mg. per 
100 cc. 

gm. per 
100 cc. 


Tol. per 
cent 

Oct. 8 









9 . 00 a.m. 

30 

100 

1.3 

2.7 

130 

6.3 



1.00 p.m. 1 

26 i 

95 

1.4 

3.3 i 

111 i 

5.2 , 


18.1 

25 cc. extract intravenously (approximately 150 dog units) 



1 

2.00 p.m. 

22 

95 

: 1.3 

3.3 

120 


' 34/66 

17.7 

3.00 p.m. 

26 

97 

1.3 

3.4 

111 

5.4 

41/59 

17.8 

4.00 p.m. 

24 

95 

1.3 

3.4 

103 

5.3 


17.6 

5.00 p.m. 

Oct. 9 

21 

90 

1.3 

3.9 

— 

5.5 


16.9 

9.00 a.m. 

22 

75 

1.3 

2.7 

83 

5.5 

42/58 

17.8 


TABLE II 

Effect of Continued Daily Injections of Cortical Extract on Blood of the Normal 
(Intact) Animal. No Change in Weight or Nutrition 


Dog 8, weight 14.4 kilos. 


Date 

Non-pTotein 

nitrogen 

Creatinine 

nitrogen 

Sugar 

Serum 

inorganic 

phosphates 

Plasma 

cholesterol 

plasma 

proteins 

1930 

mg. per 100 cc. 

mg. per 100 cc. 

vig. per 100 cc. 

mg. per 100 cc. 

wg. per 100 cc. 

jjm. per 100 cc. 

Oct. 9 

22 

1.3 

75 

2.7 

S3 

5.5 

Thereafter injections of 5 cc 


units) daily 


Oct, 16 

29 

1.5 

85 

4.1 

: 166 

6,0 

“ 22 

33 

1.4 

66 

3.3 

i 166 

5,3 

‘‘ 28 


1.3 

72 

3.0 


5.6 

Nov, 5 

26 

1.5 

75 

3.7 

mM 

5.5 


injections of large doses over a period of a month (Table II). This 
hormone accordingly resembles, in its absence of toxic effect, that 
of gonadal or anterior lobe extracts, and tlie findings are in con- 
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trast to the toxic effects which result promptly from overdosage with 
insulin, adrenalin, and the extracts of the thyroid and parathyroid 
glands. No change which is constant or significant in character has 
been detected in any of the blood constituents studied. We do not 
believe such changes can be made the basis of a method for assaying 
the cortical extract, in concentrations, at least, as at present employed. 

(b) Maintenance of Suprarenalectomized Dogs with Cortical Extract 

The bilaterally suprarenalectomized animals have been treated TOth 
subcutaneous injections of cortical hormone twice daily, using the 
customary maintenance dose as above determined. During the first 
few days after operation, and until the appetite is well reestablished, 
and superficial wound infections, if present, healed, we give larger 
doses. Under such circumstances the animals are active, maintain 
their weight, take food eagerly, and exhibit the sexual interest of 
normal dogs. Blood pressure, pulse, and body temperature are kept 
at normal levels. The subcutaneous fat is not diminished and resist- 
ance to infection is well maintained. The hair grows back quickly and 
profusely at the site of operation. There are no characteristic changes 
in the blood constituents studied. Our experiments indicate that the 
maintenance dosage is higher in the gro^ving animal. 

Dogs suffering from wound infections, intestinal parasites, or sub- 
jected to severe surgical trauma, or which are permitted to go into 
advanced insufficiency before resuscitation with extract may readily 
lose 20 to 25 per cent of their body weight and require a prolonged 
period of nursing with the administration of large amounts of the 
extract before they gain weight and return to a normal condition. 
Withdrawal of considerable amounts of blood at any one time, or 
repeated small blood withdrawals from these animals have a decidedly 
unfavorable effect. Chronically undernourished, underweight ani- 
mals, even if the inanition is not due to deep wound infection or to 
worm infestation, usually have a higher extract requirement. Animals 
which are not permitted to lapse into severe insufficiency, and upon 
which exacting experimental procedures or blood withdrawal are only 
infrequently performed remain in good condition, ^\^lile not undul> 
sensitive to cold, suprarenalectomized animals on daily extract in- 
jections do badly if subjected to extremes of temperature. Operations 
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During the last few days of November 1/3 cc. of extract per kilo per day proved 
to be inadequate, the dog’s weight dropped to 12.6 kilos, the food intake was low, 
and the non-protein nitrogen was 62 mg. per 100 cc. A larger dosage was tempo- 
rarily required. 

In. December the animal copulated with a bitch in heat. The non-protein 
nitrogen rose to 66 mg. per 100 cc. The dog looked ill during the following week 
and in spite of 0.8 to 1.2 cc. of extract per kilo per day, the appetite remained poor 
and the weight fell from 12.6 to 11.3 kilos. 

During the latter part of December a skin infection developed W’hile the dog was 
on 0.5 cc. of extract per kilo, the non-protein nitrogen rose to 70 mg, per 100 cc., 
and there was clear evidence of insuiO&ciency. 

In Jan., 1932, 11 months after the second stage operation the animal was in fair 
condition but the weight was 12.0 kilos. The extract requirement was now found 
to be about 0.7 cc. per kilo, per day, as compared to 0.25 to 0.3 cc. per kilo, which 
was the maintenance dose found adequate during the early weeks after the removal 
of the suprarenal glands. A metabolism experiment was begun Jan. 4, 1932, in 
w^hich a measured fluid intake was forced by mouth, 2 da3^s after the withdrawal 
of extract, Jan. 11, the blood non-protein nitrogen rose from 50 to 92 mg. per 100 
cc. and on the 6th da}'', mth marked evidences of insufficiency, it had reached 
145 mg. per 100 cc. Weight 11.3 kilos. The extract was resumed in large 
amounts, 5.5 cc. per kilo and the next morning the non-protein nitrogen w^as 88 mg. 
per 100 cc. 2 cc. of extract per kilo was then given, and 24 hours later the blood 
non-protein nitrogen was 56 mg. per 100 cc. The following day 1.9 cc. of extract 
per kilo was given, and after a further 24 hours the blood non-protein nitrogen w^as 
35 mg. per 100 cc. and the dog was active, eating, and well. Its weight did not 
increase. 

Jan. 26, weight 10.7 kilos. The dog was placed on an extract rendered inactive 
by accidental overheating, which was administered in large amounts (1 to 2 cc. 
per kilo of weight). During the foUow^ing 2 days it ate very little and the non- 
protein nitrogen rose to 80 mg. per 100 cc. The weight dropped to 10.3 kilos. 
The animal was found dead the following morning, Jan. 29, 11 months and 27 days 
after removal of the second suprarenal gland. 

Autopsy by Dr. Kindell revealed no evidence of infection. A peptic ulcer w'as 
present. There w^as no l}miphoid or th}miic hyperplasia and no explanation for 
death could be found. The suprarenal glands had been completely removed and 
no accessory tissue, cortical or medullary, w’as found after careful search. Exami- 
nation of the other glands of internal secretion revealed no significant changes. 
The thyroid gland showed no evidence of h}’perplasia; there was some calcification 
of the colloid material. All of the internal organs sho\ved atrophic changes, 
associated wdth the undemutrition. This w^as especially marked in the liver w^hich 
show'ed central atrophy. There w’ere areas of necrosis in the spleen, w'hich may 
possibly have been associated with to.xic changes due to the use of the batch of 
extract given Oct. 27 to 29 wffiich had been prepared in another laboraton* and 
which produced death in one other suprarenalectomizcd animal, and in a normal 
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animal was subjected repeatedly to exacting experimental procedures, 
and was in a state of marked insufficiency on at least seven different 
occasions and in mild insufficiency (anorexia, rise in blood non-protein 
nitrogen, loss of weight) on several other occasions. The maintenance 
requirement of extract seemed to bear a relation to the state of nutri- 
tion. Different batches of extract were used, but the assay value as 
tested on other animals did not vary greatly. The time required for 
the development of insufficiency after discontinuance of extract 
(Table V) bears a rather definite relation to the state of nutrition, as 
indicated by the body weight. The only exceptions to this rule are 
the fifth and sixth periods of insufficiency during the summer of 1931, 
in warm weather, which has been stated to shorten survival periods 
of suprarenalectomized animals (7). 

It is evident from the extended study of this dog and of our other 
animals, that renal insufficiency characterized by inadequate secretion 
of urine and of certain urinary elements during the acute stage of 
suprarenal insufficiency (6), does not persist after recovery is brought 
about by the use of large amounts of cortical extract; nor are anatomi- 
cal lesions, indicating renal damage, to be found at autopsy in animals 
which have been repeatedly in insufficiency. 

The experiment on this animal, confirmed on several others, also 
indicates the failure of our efforts to maintain bilaterally suprarenalec- 
tomized dogs on feedings of freshly dissected ground beef cortex alone 
without the aid of extract. 

(c) Clinical Picture of Suprarenal Insufficiency Following Extract 

Withdrawal 

Following the withdrawal of daily injections of cortical extract from 
suprarenalectomized dogs vdth completely healed operative wounds, a 
period of 2 to 10 days ensues during which no abnormality is observed. 
The earliest sign of insufficiency is anorexia, and generally a lessened 
fluid intake. This usually occurs abruptly. Wffien the food intake 
on the standardized diet is weighed each day, the drop in consumption 
is very striking, and it produces a prompt loss of body weight. The 
time of onset of anorexia varies with the individual animal and espe- 
dally vdth the state of nutrition. Frequently the animal may be 
tempted with fresh meat after the previous ration is refused, but 
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suprarenal insufficiency (6), does not persist after recovery is brought 
about by the use of large amounts of cortical extract; nor are anatomi- 
cal lesions, indicating renal damage, to be found at autopsy in animals 
which have been repeatedly in insufficiency. 

The experiment on tliis animal, confirmed on several others, also 
indicates the failure of our efforts to maintain bilaterally suprarenalec- 
tomized dogs on feedings of freshly dissected ground beef cortex alone 
without the aid of extract. 

(c) Clinical Picture of Suprarenal Insufficiency Following Extract 

Withdrawal 

Following the withdrawal of daily injections of cortical extract from 
suprarenalectomized dogs with completely healed operative wounds, a 
period of 2 to 10 days ensues during which no abnormality is observed. 
The earliest sign of insufficiency is anorexia, and generally a lessened 
fluid intake. Tliis usually occurs abruptly. When tlie food intake 
on the standardized diet is w'eighed each day, the drop in consumption 
is very striking, and it produces a prompt loss of body weight. The 
time of onset of anorexia varies wntli the individual animal and espe- 
cially with the state of nutrition. Frequently the animal may be 
tempted with fresh meat after the previous ration is refused, but 
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its former smoothness. The relative ineffectiveness of the extract in 
the presence of infection is just as striking as is that of insulin under 
similar conditions. Deep clironic infections at the site of operative 
wounds, detected only at autopsy, have on a number of occasions 
confused us before death of the animal, sometimes weeks after opera- 
tion, because of the apparent lack of response even to large amounts of 
potent material. 

The effect of injections of the cortical hormone, where the insuffi- 
ciency is well established, is not immediate in the dog, and objective 
improvement cannot usually be demonstrated for a period of 12 to 24 
hours after a large resuscitating dose is given. It is practically 
impossible to induce recovery of animals which are almost moribund 
when injections are commenced. The slower reaction of the prostrate 
dog to the action of the hormone contrasts with the effect which has 
been reported for other species of animals. The amount of extract 
required to bring the animal out of insufficiency is invariably much 
greater than the maintenance requirement. In this it resembles 
thyroid insufficiency (e.g., myxedema). 

While the typical symptoms of suprarenal insufficiency, as described 
above, occur in most dogs, a small group, when deprived of extract, 
after the usual fore period without symptoms, will die in a relatively 
brief time and with little warning. These are usually dogs markedly 
underweight and not in prime condition. Such animals may be seen 
late in the evening, apparently alert and in fair condition, with normal 
temperature and pulse, and with normal gait, and may then be found 
dead next morning. In such cases the blood non-protein nitrogen 
may not be elevated, as discussed below, within 6 or 8 hours of death; 
and even actually at death we have taken blood from two dogs which 
showed values not greatly out of the normal range for non-protein 
nitrogen, sugar, chlorides, and cholesterol. It is fair to say, however, 
that in no fatal case have we failed to see a marked grade of anore.xia 
for at least 24 to 48 hours before death, and this we always regard as 
a significant symptom. The autopsy findings in such animals differed 
in no essential detail from the pathological changes observed in the 
other animals. Exercise appears to aggravate the symptoms of 
insufficiency. 

The causes of death have been postoperative infection, sometimes 
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SUPRARENAL CORTEX. I 


showed a small subcutaneous abscess at tlie site of extract injection over the lateral 
abdominal wall, and general emaciation. The suprarenal glands were cleanly 
removed. 


TABLE VII 

Changes in Certain Consiitnents of the Blood {Femoral Artery Blood) Following 
Cortical Extract Withdrawal and daring the Saprarenal Insufficiency 

So Produced 

Dog 13, male collie, Nov. 21, 1930, right suprarenalectomy, Feb. 2, 1931, 
left supra renalectom3>^ (Dr. Widenhorn), 


Blood anal>*sis 


Date 

Weight 

H 

Pulse 

Cortical 

extract 

' Food 

Activity 

Non- 

pro- 

tein 

nitro- 

gen 

Urea 

nitro- 

gen 


Sugar 

1932 




cc. per 
kg. 



mg. pei 
lOQ cc 

r tng. pel 
. lOQ cc 

r mg. pc 
. WO cc 

r me. per 
. WOcc. 

Mar. 

9 

11.5 

101.3 

70 

0.25 

H — 1 — h 

Normal 

44 

22. S 

: 1.4 

85 

il 

10 




0.25 

+++ 

it 





it 

11 




0.25 

+++ 

it 





it 

12 




0.25 

+++ 

tt 





it 

13 

11.1 

101.4 

64 

0.18 

+++ 

tt 

50 

30.0 

1.5 

70 

it 

14 ; 




0.18 

++ 

tt 





{< 

15 ! 

1 




O.IS 

+? 

Fair 





tt 

16 

10.7 

98.8 

112 ; 

1.0 ; 

0 

Swayingspas- I 

82 

64.0 

1.6 

60 



1 

1 





tic gait 





tt 

17 

10.5 

100.9 

no 

1.0 

+? 

1 

Gait still sway- 

65 

45.0 

1.6 

70 





t 

1 


ing 





tt 

IS 

10.2 

100.8 

' 114 

1.0 

+ 

Fair 

58 

45.0 

1.6 

70 

tt 

19 




1.0 

+ 

tt 


26.0 



tt 

20 

10.2 

100.8 

104 

1,0 

++ 

Normal 

45 



(f 

21 

10.4 



1.0 

+++ 

It 





It 

22 




1.0 

+++ 

it 


23.0 



it 

23 

11.1 

101.0 

60 

1.0 

+++ 

tt 

45 

1.5 

7s 

ii 

30 

11.4 

101.0 

76 

1.0 

4 — 1 — h 

It 

43 

24.0 

1.7 

SO 


* This cortical extract assayed approximate^’ 4 units per cc. 
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TABLE VIII 

Changes tn Certain Constituents of the Blood {Femoral Artery Blood) Following Cortical Extract Withdrawal and during the Supra- 
renal Insufficiency So Prodticed 

Dog P-2, male, mongrel terrier. Suprarenalectom ized by Dr. Swingle at Princeton during Feb., 1931. 
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acidosis such as is found in the terminal stages of renal insufficiency may occur 
must remain open, but we do not believe it is a primary or serious factor in the 
production of suprarenal insufficiency. 

In severe insufficiency blood samples are obtained with great difficulty; the 
veins are collapsed, the blood pressure is very low, and the blood is dark and thick. 
We do not doubt that the arterial and venous blood o^gen content difiference is 
large; and this combined with the low oxygen consumption points to an extreme 
reduction, under these circumstances, in the circulatory minute volume. The 
venous blood from the jugular vein, which drains the cranial cavity, appears to be 
equally as dark as that from the femoral veins draining the muscle areas, and in the 
few instances studied the oxygen unsaturation was the same. 

Blood Sugar , — The effect of suprarenal insufficiency upon the blood sugar in 
the dog is inconstant. In general the concentration tends to become somewhat 
lowered after anorexia is well established, but extreme grades of hypoglycemia 
were not encountered (never below 45 mg. per 100 cc.), and severe symptoms of 
insufficiency and death have been observed repeatedl}'' when the blood sugar level 
was not significantly lowered. Whether this is peculiar to the dog, and possibly 
explainable as due to the large amount of accessory medullar}^ tissue found in tliis 
species, is a matter of speculation. The tendency to h3''poglycemia was more 
conspicuous in those animals where severe grades of inanition w^ere present. Ad- 
ministration of the cortical hormone alone, without administration of glucose or 
food to dogs in suprarenal insufficiency has a variable effect on blood sugar con- 
centration. Charts 2 and 3 illustrate these effects in t}q)ical experiments. Wiere 
the animal does not show marked inanition as Dog 19, a definite rise in blood sugar 
occurs after a period of hours (fasting), but it does not exceed previous normal 
levels. Where there is marked inanition (and no doubt very little storage of 
glycogen) as in Dog F-16, tliere is no definite effect on tlie blood sugar. The prob- 
lem arises as to whether, in the dog, the hypoglycemia observed may not be 
satisfactorily explained on the basis of the anorexia and inanition alone. We see 
no substantial basis of support for the theory that the cortical hormone has an 
important effect in the regulation of the blood sugar level (12), at least in the dog. 

Reaction to Insulin , — Marked increase in sensitiveness to insulin is characteristic 
of dogs wdthout suprarenal glands, although they are maintained in normal 
condition witli cortical hormone. The cortical hormone does not protect tlic 
animal against this increased susceptibility, which presumably is due to disturbe 
function of the medullar}'' tissue. These findings are in agreement with those o 
Britton and Ceiling (7) and of earlier workers mentioned by these authors. Injec- 
tions of large amounts of the cortical hormone simultaneously do not influence t ns 
marked sensitiveness to insulin. (Tables X and XI, and Chart 4 illustrate t}pica 
experiments.) 

The non-protein nitrogen and other blood constituents can alter 
rapidly during the terminal stages of insufficiency. 
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usually the loss of appetite, once established, is complete and 
permanent. 

The characteristic gait of the animal appears only after the earlier 
symptoms of insufficiency are well established. The first abnormality 
noted is spasticity of the hind legs which disappears after the animal 
is released a few minutes outside of the cage. This is followed by a 
spasticity which persists regardless of exercise. The animal walks 
haltingly, lurching from side to side, and may finally fall to the floor, 
unable to rise because of the extreme weakness, particularly in the 
hind legs. 

Vomiting and diarrhea, fluid and sometimes tarry in character, 
usually appear as later events, often only during the last hours of life. 
These symptoms in our experience are less constant, for the animal 
may die before either marked vomiting or diarrhea appears. It is 
evident that such gastrointestinal reactions may produce a marked 
effect on the concentration of the blood constituents. It is possible 
that they may produce chemical changes which have previously 
been described as characteristic of suprarenal insufficiency. Such 
may be the drop which has been described in the chlorides and sugar, 
the concentration of the blood, and the occurrence of acidosis as 
reported in various studies (7, 8). The clinical picture and the blood 
changes are practically identical with those seen in the various forms 
of “shock, as in intestinal obstruction and in cholera. 

The fall in body temperature is a constant phenomenon which occurs 
at about the same time as the fall in basal metabolism and the rise in 
blood nitrogen. Early in insufficiency the pulse of trained animals, 
at rest for respiration experiments, is usually elevated. There is 
usually a terminal drop in pulse rate. Significant changes in systolic 
blood pressure are a late phenomenon. Irregularities in the pulse 
rhythm occur in some animals. The mental and ner\’’Ous S}mptoms, 
and hallucinations, which have been described, have not occurred 
frequently in our animals. A purulent discharge from the eyes is 
very common in insufficiency, as well as falling out of the hair, in- 
creased difficulty in the healing of wounds, and the flaring up of 
quiescent infections. The inelasticity of the hair}" coat is quite strik- 
ing. In the suprarenalectomizcd dog during relapse, the skin of the 
back of the neck remains in an elevated ridge, but slowly relaxing to 
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not detected until autopsy; distemper, particularly during an epidemic 
in the late fall of 1931 ; and the use of insufficient or impotent extract. 
A number of animals have been killed either to obtain fresh patho- 
logical material or to obtain information during the course of certain 
spedal tests, such as a study of the toxicity to insulin. The most 
frequent cause of death has been too great delay in readministration 
of the extract after withdrawal during studies on the effects of insuffi- 
ciency. It is very difficult to determine how long a given a n imal may 
be permitted to remain without extract. Finally the peculiar chronic 
inanition described above, following experimentation, has been re- 
sponsible for a munber of our fatalities, and is illustrated in the 
following typical protocol. 


Dog F-31. 



Date 

Weiglit 

Non-piotcin 

nitrogca 

Right suprarenalectomy 

193Z 

Apr. 11 
‘‘ 28 
June 15 

8.0 

7.9 

6.5 

i 

mg, 100 cc. 

30 

26 

175 

Left “ 

Died 



This animal was used for the study of the hormone-sparing action of oils. On 
tw'o different occasions cocoanut oil was given (30 cc. by mouth every day) and the 
extract allowance reduced to a submaintenance level. In both instances the 
animal lapsed into insufficiency. During the last period of cocoanut oil adminis- 
tration the animal lost much weight and failed to recover in spite of large amounts 
of extract. There was no vomiting or diarrhea. The treatment given was as 
follows: 


Dale 

Rnaarls 

Weight 

1 . _ 

Kon-protcin 

nitrogen 

Extract In dog cnits 
(subcutaneous 
injection) 

J932 



Joo cc. 


June 11 

Insufficiency 

7.0 

88 

30 

« 12 

it 1 

1 

6.7 

140 

7 

13 ' 

a i 

6.4 ' 

130 

600 

» 14 

it 

6.6 


200 

** 15 

ft 

6.5 

175 

200 


Died 3 hrs. after last injection 




This type of animal, treated with large amounts of extract without improve- 
ment, suggests the bek of some factor in addition to the hormone. Autopsy 
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Scrum Lipids r — K considerable number of estimations of serum cholesterol and 
cholesterol esters, and of serum lipid-soluble phosphorus (lecithin) were made. 
N o definite relation to suprarenal insufficiency or to injections of extract could be 
established. In many instances the serum lipid-soluble phosphorus concentration 
tends to be lowered terminally, or in severe insufficiency, while total cholesterol 
is increased. Sometimes the phosphorus values are verj'’ low, but not infrequently 
normal values are found. We see no correlation between the values for the lipids, 
which have been studied, and the clinical state of the animals. The blood samples 
were taken after a fast of 18 hours or more. During insufficiency the fasting period 
due to the anorexia, may be prolonged. 

APPENDIX I 

Two monkeys (Bonnet macaque) were suprarenalectomked by Dr. Firor in the 
fall of 1931 in two stages and injected with cortical extract twice daily thereafter 
by Dr. L. J. Soffer. Monke}^ L-19 was suffering from diarrhea prior to the removal 
of the second suprarenal gland and although 1.1 to 2.6 cc. of extract per kilo was 
given daily it died on the 11th day. Monke}'' L-18 was in better condition, the 
weight being well maintained. It was found dead on the 42nd da}’’ after removal 
of the second suprarenal gland without rise in the blood non-protein nitrogen, and 
death was attributed to the toxicity of a lot of cortical extract sent us for assay 
by a pharmaceutical house, which killed two suprarenalectomized dogs during the 
same period. During the 6 weeks of observation, this animal, Monkey L-18, 
developed pigmented freckles over the back and chest wall and scrotum, and tliere 
may have been slightly increased pigmentation of the lips. Szent-Gyorgi has 
recently reported that the hexuronic acid compound isolated by him in 1928 from 
the suprarenal cortex is the hormone effective in preventing the abnormal pigmen- 
tation of Addison’s disease, although no protocols have as yet been published in 
support of this announcement. Animals totally deprived of cortical tissue and 
maintained on the cortical extract only, should be studied for the development of 
pigmentation. Aside from the observation reported above, which we regard as 
suggestive only, we have not observed definite evidence of increased pigmentation 
in any of our animals. Autopsy on both of tliese monkeys (Dr. Kindell) showed 
that the suprarenal glands had been completely removed, and no gross accessor} 
suprarenal tissue was detected after careful search. 


“ These determinations were made with the assistance of Mr. D. J. Verda ai^ 
Jilr. E. A. Pekarek of the Second Year Class. Their aid is hereby acknowledged. 
Cholesterol and cholesterol esters were determined separately after digitonm 
precipitation. Lipid-soluble phosphorus was determined after ashing 
perhydrol by the Fiske-Subbarow procedure. Alcohol-ether extracts of bloo 
serum were used for these determinations (Bloor). 
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SUPRARENAL CORTEX. I 


latter, the deficiency of medullary tissue is also very marked. It is a 
striking fact that the pathological phenomena singularly unaffected 
by administration of the cortical hormone in Addison’s disease in 
man (9) , namely hypotension, h3’poglycemia, and pigmentation, are 
just those which do not occur as a result of suprarenal deficit in the dog. 
They are phenomena which a considerable body of experimental 
evidence associates with disturbance of medullary function and 
particularly with that of adrenalin. It is a fact that the influence of 
adrenalin on blood sugar and blood pressure is transient. Recent 
evidence, however, indicates the probability that not adrenalin but a 
more powerful related compound is the active pharmacologic agent in 
the suprarenal gland (10). The abdominal chromaffin body in the 
dog has been shown to contain as much as 1/12 of the amount of 
adrenalin present altogether in the suprarenal glands (11). 

SUMMARY 

1. The methods used in the operation and care of suprarenalecto- 
mized dogs are given. 

2. The effect of injections of the cortical hormone upon normal and 
suprarenalectomized dogs is described. 

3. Symptoms and chemical studies of suprarenal insufficiency in 
the dog, following extract withdrawal are described, together with die 
effects produced by its readministration. 

4. The phenomena associated with experimental suprarenal insufli- 
ciency are contrasted with those seen in patients with Addison s 
disease. The identity of the acute symptoms with those of shock 
is pointed out. 
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LETHAL EFFECTS OF X-RAYS ON BACILLUS COLI 


K, L, etc., energy levels in the absorbing atom. Otlier work, notably 
that of Hanson and Hej’^s (7) on mutations in Drosophila, shows a ver}' 
close relation between the effects of x-radiation and its absorption in 
the surrounding medium. 

The present research was undertaken witli the view to detemiinc 
whether or not there does exist this predicted relation between the 
bactericidal effect of x-rays, and the absorption of the x-rays in the 
medium suspending the bacteria; and if the predicted relation does not 
exist, to detennine some of the facts connecting synergistic bactericidal 
effects, wave lengths of incident x-rays, and their absorptions in the 
sensitizing media. 


Theoretical 


In order to reduce results to a strictly quantitative basis, essentially the same 
metliod of calculating the number of x-ray quantum hits per bacterium per minute 
is used as was suggested by Condon and Terrill (8). Suppose in a bacterial suspen- 
sion, the absorption of one quantum by a bacterium is sufficient to kill it. Let --lo 
be the original concentration of bacteria. The change with time in the nimiber 
killed, 11, in a laj^er dx tliick at a deptli, x, vull be proportional to the concentration 
of living bacteria at time, t, and to the intensity, 7, of the x-ra 3 ’S at that depth, so 
that 

dn/dl dx = a(Ao — «) 7 dx 

a is the proportionalitj'’ constant. Now by the usual absorption law 


-fix 


I = he 

where h is the incident intensity of x-ra}’’s, and n is the absorption coefficient. 
Hence in a laj^er D cm. thick 


Let 


Then 


dn/dt j dx = a(Ao — «) 7o J 
dfi/dl — A'(/lo — m) 7o(i e )lrh 

a' = h ail - 

dn/dl = a'(Ao — n) 


c dx 


( 2 ) 

(3) 

(4) 

(5) 
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LETHAL EFEECTS OF X-RAYS ON BACILLUS COLI 


Apparatus and Method 

A tungsten target x-ray tube was used, permanently connected to a mercury 
vapor high vacuum system. The plane of the target was set sjmunetrically with 
respect to the horizontal and vertical directions, so that ionization measurements 
might be made on tlie horizontal portion of the x-ray beam, while bacteria were 
being irradiated with the vertical portion, of quality similar to that of the hori- 
zontal. Ionization measurements were made by means of an open ionization 
chamber through which passed a narrow pencil of x-rays direct from the target, 
A short lead connected the electrode inside the chamber to a gold leaf electroscope 
directly above the chamber. Measurement of absorption coefficients was made 
by interposing in the beam a filter having parallel sides composed of thin cover- 
sUps 0.63 cm, apart. Intensity of the beam passing through Ais empty filter was 
measured by observing the time of fall of the gold leaf across the scale in the 
eyepiece of the observing telescope. The filter was then filled with the solution 
under investigation, and the intensity of the beam passing through this thickness 
of liquid was observed. The ratio of these intensities gave ///o in the absoiption 
equation 

///, = (13) 


from which the absorption coefficient /x could be calculated for use in equation (12). 

24 hour cultures of B, coli were washed from their agar slants with distilled 
water, filtered, and the suspension diluted to give approximately 2000 bactena 
per cc. surviving after 30 minutes, the final dilution being in salt solution of the 
desired concentration. A series of five Syracuse watch-glasses, 2 cm. diameter, 
were filled with this suspension to a depth of 0.6 cm. (Z> of equation (12)), and 
covered with cover-slips 0.2 mm. in thickness. One dish was retained as a control, 
while the others were placed 14 inches beneath the target of the x-ray tube. The 
dishes were rotated so that all would be equally irradiated, and one was removed 
from the group at the end of each 5 or 10 minute interval. When all had been 
irradiated, 1 cc. of suspension was drawn from each dish and placed in test-tubes 
containing 5 cc. of distilled water, giving suspensions of approximately 350 bac- 
teria per cc. These suspensions were plated in quadruplicate, being plated in 
order, then reverse order, and repeat. This method negated the lethal effects of 
strong salt solutions with passage of time during the plating process. The plates 
were incubated 24 to 48 hours, counted, and the percentages of surviving bac- 
teria determined. Three such sets were generally made for each solution, the 
surviving percentages averaged, and plotted against time of irradiation. 

Peculiarly enough, the preponderance of data was definitely in favor of curves 
of the two-hit type, having the equation 

A — Aoc ” * (1 -h a't) 





338 


LETHAL EFEECTS OF X-RAYS ON BACILLUS COLI 


Apparatus and Method 

A tungsten target x-ray tube was used, permanently connected to a mercury 
vapor high vacuum system. The plane of the target was set symmetrically with 
respect to the horizontal and vertical directions, so that ionization measurements 
might be made on the horizontal portion of the x-ray beam, while bacteria were 
being irradiated with the vertical portion, of quality similar to that of the hori- 
zontal, Ionization measurements were made by means of an open ionization 
chamber through which passed a narrow pencil of x-rays direct from the target. 
A short lead connected the electrode inside the chamber to a gold leaf electroscope 
directly above the chamber. Measurement of absorption coefficients was made 
by interposing in the beam a filter having parallel sides composed of thin cover- 
slips 0.63 cm. apart. Intensity of the beam passing through this empty filter was 
measured by observing the time of fall of the gold leaf across the scale in the 
eyepiece of the observing telescope. The filter was then filled with the solution 
under investigation, and the intensity of the beam passing through this thickness 
of liquid was observed. The ratio of these intensities gave7//o in the absorption 
equation 

I/h = (13) 


from which the absorption coefficient could be calculated for use in equation (12). 

24 hour cultures of B, coli were washed from their agar slants with distilled 
water, filtered, and the suspension diluted to give approximately 2000 bacteria 
per cc. surviving after 30 minutes, the final dilution being in salt solution of the 
desired concentration. A series of five Syracuse watch-glasses, 2 cm. diameter, 
were filled with this suspension to a depth of 0,6 cm. {D of equation (12)), and 
covered with cover-sh'ps 0.2 mm. in tln’ckness. One dish was retained as a control, 
while the others were placed 14 inches beneath the target of the x-ray tube. The 
dishes were rotated so that all would be equally irradiated, and one was removed 
from the group at the end of each 5 or 10 minute interval. When all had been 
irradiated, 1 cc. of suspension was drawn from each dish and placed in test-tubes 
containing 5 cc. of distilled water, giving suspensions of approximately 350 bac- 
teria per cc. These suspensions were plated in quadruplicate, being plated in 
order, then reverse order, and repeat. This method negated the lethal efifects of 
strong salt solutions with passage of time during the plating process. The plates 
were incubated 24 to 48 hours, counted, and the percentages of surviving bac- 
teria determined. Three such sets were generally made for each solution, the 
surviving percentages averaged, and plotted against time of irradiation. 

Peculiarly enough, the preponderance of data was definitely in favor of curves 
of the tw’o-hit t>T)e, having the equation 

A - (1 + ccU) 
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LETHAL EFFECTS OF X-RAYS ON BACILLtJS COLI 


EXPERIMENTAL RESULTS 

Experimental data and calculated results are shown in Tables I 
to IV. 


TABLE I 


Samples of Original Data Illustrating the Determination of the Number of Effective 

Hits per Bacterium per Minute 


B. coli 
suspended in 

Time of irradiation 

Survival (A/Ao) 
average for three 
determinations 

<x^ calculated from 
onC'hit equation 

A/Ao = c~°'‘ 

oc' calculated from 
two-hit equation 

A/A, = c-^'‘ 

(1 + «'/) 

Distilled water 

min. 

5 

per cent 

94.8 

■■ 

— 


10 

82.6 




15 

70.2 




20 

59.3 



Mean 




.. 0.072 ±0.001 

10-l-« M 

5 

95.0 


0.068 


10 

84.3 


0.070 

BaCNOa)^ 

15 

74.2 


0.065 


20 

63.0 

0.023 

0.064 

Mean 




. . 0.067 ±0.001 

M 

5 

86.2 




10 

63.2 



Pb(N 03)2 

15 

39.5 




20 

31.9 

0.057 

0.118 


Mean 0.129 ±0.002 


TABLE II 

Ejffccts of X-Rays on B. coli in Various Solutions 


Tube operated at medium voltage. 10 ma., filter: 0.033 cm. AL 


Solution 

Initial toxicity 

M 

K (equation 
(12)) 

a' 

11 

HsO 

per cent 

0.0 

ra 

0.80 

0.072 

0.090 

lO-*-"' M KBr 



0.75 


0.090 

10->-«.\rSr(NO3): 

10 

■H 

0.74 

0.067 

0.091 

10-'-'‘M BaCNOj). 

10 

1.15 

0.72 

0.067 

0.093 

lO-*-'* M PbCNOi): 

90 

1.65 

0.63 

0.129 

0.205 


























r . ’ 

^°^csn'’ Tu 

^fiSber 

sfudfes ’ /■ -^v Pbr A- TV A 




^JJf, 


■535:22^ 


’Pi G 









■eaa/ 






J92g 


ajie» 


84. 


ejja; 




secref. 




JOfl 




39^2 


%%. 


^932 

73' ' 

'8,683 


97 




tj, ' 


et 




TV r^ ^ekteA ’ % > 

°''‘“'-'>»‘i-5fCil4'’«*«,io« 

wSf^iatto, ?;?'■». 4, *’ ;- ?*. 5'"*»ci . ■ 

a.nv,5 !’ «i. °'°«®4® f., “«««,, 4 t'. , , ' 


er 


'^op. 




Scfre 


Pe, y_ 

"*’'«'•»*, 2f f ’'«<. ^ M 

’ 70i ^^^Poteot t 443 


^bn] »^°5^i 4. "^;,:f- ^cfdis, 


^fo7( 






o_ 

^’’^tecj 


^itb 


'ius '^er 




‘ea2 A. 


■^eaa/ 

3SJ. 



342 


LETHAL EPPECTS OP X-RAYS ON BACILLUS COLI 


Fig. 1 shows the data of Table II in graphical form, with a plotted against ju. 
A very similar curve is obtained if a be plotted against the molecular weight of 
the various salts, or (in the case of the nitrates) against the atomic number 
of the positive ion. Fig. 2 shows the data of Table III plotted as a against 
log molarit}^ while Fig. 3 shows a plotted against log /x, for both PbCNOa): 
and KBr. 

DISCUSSION AND CONCLUSIONS 

Figs. 1, 2, and 3 do not lend themselves readily to the formation of 
any quantitative law, except at low concentrations, where there seems 



Fig. 1. Number of effective hits per minute per bacterium as a function of the 
absorption coefficients of 10 molar concentrations of various salts. 


to be a linear relation between a and fx. They indicate very definitely, 
however, that some fairly high value of tlie absorption coefficient must 
be reached before there is any great increase in the effect of x-rays 
when used in conjunction with x-ray fluorescent salts. In fact, as an 
inspection of the values of a in Table II will show, the actual number 
of hits per bacterium per minute in some salt solutions is less than m 
water, due to the shielding effect of the salt. Only in the case of 
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LETHAL EFFECTS OF X-RAYS ON BACILLUS COLI 


sensitizers is to increase the amount of energy absorbed wthin the 
cells, or some special part of the cells, and the effectiveness of the sensi- 
tizer will vary with this factor. For this reason it may be of consider- 
able importance whether or not the sensitizer penetrates into tlie cell, 
or possibly becomes located in some particular part of the cell in liigh 
concentration. It maj'’ be that the initial toxicity of the salt gives 
some measure of this penetration, even for the cells which survive. 



Fig. 3. Number of effective bits per minute per bacterium, a, plotted as a 
function of the log of the absorption coefficient, /i, for increasing concentrations of 
Pb(N 03)2 and KBr. 


Then, there is to be considered the possible secondary chemical effects 
of the sensitizing salts. The same primary injury produced by the 
absorption of x-ray quanta or photoelectrons might lead to different 
results in the presence, for example, of potassium, calcium, and leac , 
due to their cliemical effects on protoplasm. 

Results of the experiment with various qualities of radiation (Ta e 
RO present what at first seems to be a surprising situation in that, for 



... 

and let A ^■ 

^roiti (6) <^^"/didx = ^ Dumber 
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” = ^ a - ^- 

“ C « - iv ; 


w 
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“““ 0. X-^VS ON BACirLOS COU 

test not so easy to .ate 

intensity. ^ “™ochromatic rays in sufficient 

3 ra.fr '* » --3 ‘ke 
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practical rays are also tile Tnn m the shorter and more 

of the sensitizers and th ^^^pite the shielding effects 

wave leng h Frl ^ shorter 
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might profitably bear a more extended investigation. 
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counting bacteria. assistance m the laborious task of plab'ng and 

SUMMARY 

of tenth mola/rn by x-rays in a series of salt solutions 

appreciable until tiie S3niergistic effect does not become 

ppreciable until heavy salts are used. 

tratio^Se^.t^^°'^' are used in increasing concen- 

tions or ah effect is not appreciable until large concentra- 

^clses whereupon the effect 

per minute r number of effective hits per bacterium 

per minute is a function of the absorption coefficient, ^ 

or same ^ occur at the same concentration, 

f tuto oAr " KSr. Thus „ is a function of the 

cell some m^ possibly of the penetration of the salt into the 

of the solution^^^^ ° '''^"hich may be obtained from the initial toxicity 

rat deere^ “ increases as the wave lengtli X of the x- 

of X Th ^ ^ °ngh /z decreases by the same process as the cube 
c A ^ nnetion of X to some power greater than the cube, 

ossi e mechanism whereby the synergistic effect takes place 
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whereas WyckoS and Rivers (9) obtained curves of the one-hit type.^ From these 
curves, ol was calculated for each point, all values averaged, and the average cl 
divided by the shielding constant of equation (12) to obtain a. Each value of a 
given in the tables is thus the result of counts on some 15,000 bacteria. The 
probable error in a', in general, is about 5 per cent or less. (Illustrative data 
are given in Table I.) 

The number of effective hits per bacterium per minute, a, was determined for 
B.coli in distilled water and in 10~^'“ molar solutions of KBr, Sr (N03)2, Ba(N03)2, 
and Pb(N03)2. Nitrates were chosen so that the negative ion would possess an 
absorption coefficient negligible with respect to that of the positive ion. (The 
presence here of KBr is incidental to the experiments of Table HI.) Results are 
given in Table 11. <x was also determined for various concentrations of Pb(N03)2 
and KBr. Because of the high toxicity of heavy metal salts, concentrations of 
Pb(N03)2 greater than tenth molar w'ere not practical, but KBr could be used in 
much greater concentrations. Results are given in Table m. The approximate 
initial toxicities of the salt solutions used are ako given in these two tables. 

In these experiments, the voltage on the x-ray tube was such as to give, with 
an aluminum filter 0.033 cm, thick in the beam, an “effective wave length” of 
(atomic absorption coefficient in lead corresponding to) 0.45 A, The tube was 
operated at 10 ma., working distance 14 inches from the target. 

In another set of experiments, 10“^*^ molar Pb(N03)2 and 10°-^° molar KBr w’ere 
used with varying hardness of x-rays. In one case, the voltage on the x-ray tube 
was just sufficient to give a working intensity of radiation at 10 ma., with no filter 
in the beam. In another case, the voltage was stepped up as high as possible, and a 
filter of 0.175 cm. of aluminum used in the beam to absorb the softer constituents. 
Because it was impractical to obtain equal intensities for all qualities of radiation, 
and in order to make the values comparable, a was determined for B. coJi in dis- 
tilled water for each voltage, and the a’s for Pb(N03)2 and KBr brought to a com- 
mon basis by proportion. The results of these experiments are shoum in Table IV. 
Absorption coefficients were determined for all solutions used, and intensities 
were checked by ionization measurements from time to time during the experi- 
ments to make sure that no variation was taking place. 

^ The only ob\dous experimental difference is that the bacteria of this experiment 
vrere irradiated, then plated, while those of Wyckoffk c-xperiment were plated, then 
irradiated. This difference in experimental procedure, however, hardly seems to 
offer an adequate explanation for the difference in t\'pe of cuiwc obtained, and 
suggests that some factor other than radiation may be operative, as for example 
the distribution of sensitivity in the bacterial population, which \urics with the 
age of the culture. Thus some doubt may be thrown upon the identification of a' 
with the number of effective hits per bacterium per minute, but because a is a 
constant for a given set of conditions of irradiation, and not a function of time (as 
is survival), it is a convenient quantity to use for the comparison of effects, what- 
ever its precise significance. 
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ANTERIOR PITUITARY EXTRACTS AND METABOLISM 


and that in the absence of other factors, or more prolonged stimulation, 
the stored protein was catabolized. 

The effect of brief treatments with extracts of beef anterior pitui- 
tary on the nitrogen balance and urine nitrogen partition of dogs was 
therefore studied. Observations were also made on the effect of such 
extracts on water balance, body weight, and lactation. On one of 
the animals, respiration experiments showing the effects of the extracts 
on heat production and on the metabolism of carbohydrate, fat, and 
protein were carried out. The extracts were similar to those of Teel 
(6), and consisted of the globuhn fraction, salted out by means of 
sodium sulfate, from partially neutralized alkaline extracts of beef 
anterior pituitary. Preparations from the pituitary of sheep have 
been used by Comer (7) and by Nelson and Pfiffner (8) in studies of 
lactation in rabbits and guinea pigs. Details concerning the extracts 
are included in the following section. 

EXPERIMENTAL 

Animals . — ^Three adult bitches were used as experimental animals. One of 
these, Dog 2, was a young virgin weighing 15 kilos. The other two, Dogs 1 and 4, 
were older animals which weighed 21 and 22 kilos respective!)’', and had apparently 
borne litters. All of the animals were kept in the metabolism cages and on tlie 
desired diet for several weeks before experiments were begun. With about 15 
minutes of exercise daily, after catheterization, they have kept in excellent con- 
dition on the experimental regime during more than a year. 

Diels . — ^The diets consisted of beef heart, soda crackers, and bone meal. Grind- 
ing the three constituents together in a mechanically driven meat grinder greatly 
simplified analysis and weighing. 4 pounds of trimmed, ground beef heart, mixed 
with an equal weight of groimd crackers and 200 gm. of bone meal, and again 
ground four times, yield a mixture which has very desirable properties. The 
cracker meal absorbs the excess of water in the beef heart, hence the mixture be- 
comes more suitable for analysis. 4 gm. samples yield good duplicate values for 
nitrogen. The mixture keeps for 2 to 3 weeks, and remains unchanged in nitrogen 
content if it is placed in air-tight tin cans and kept in die refrigerator. In experi- 
ments in which a higher carbohydrate intake was desired, one part of trimmed 
beef heart and two parts of cracker meal were used in preparing the mixture. If 
necessar)’-, the amount of bone meal can be doubled. WTien beef heart alone was 
used, a number of carefully trimmed hearts were ground and well mixed. Approxi- 
mately 7 gm. samples were then analyzed for nitrogen. The remainder was put up 
in 200 gm. lots, which were wrapped in wax paper and frozen until required for 

feeding. _ _ 

Methods . — Daily urine periods were terminated by catheterizing and washing 
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molar Pb(N03)2 with a relatively high value of ii does the 
synergistic effect become sufficiently great to overcome the shielding 
effect. (It would be very desirable to have another point on the 
curve between Ba(N03)2 and Pb(N03)2, but no salt could be found in 
this region which was not entirely lethal at a concentration of 10 
molar.) This sharp upward trend in a as increases is again in e\d- 
dence with increasing concentrations of Pb(N03)2 and KBr, but occurs 



Fig. 2, Change in the number of effective hits per minute per bacterium with 
increasing concentrations of Pb(N 03)2 and KBr; a plotted as a function of log 
molarity. 

at tvidely separated values of /x for the two salts. Let us call the 
difference between a for salt solutions and a for water, Aor. Then Aa 
must be not only^ a function of fi, hut also of the nature of the sensitizer, 
with lead and presumably other hea\y salts being relatively much more 
efficient. It is entirely- conceivable, however, that elements might 
exist vith low absorption and high synergistic effect, and v:cc versa, 
and data from the restricted group here studied arc not sufficient to 
prove tlic contrary-. The principal object to be attained by- the use of 
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6 portions of 10 cc. or less, the injections being made into the loose subcutaneous 
tissue of the abdomen and flank. They 'were vfell tolerated. After intiaperitoneal 
injections of SO cc., the animals commonly delay taking their food for several 
hours, but consume it as usual in the course of the da}\ 

RESULTS 

Nitrogen Balance . — ^Preliminary experiments showed that intra- 
peri toneal or subcutaneous injections of the extract produced a fall in 
urine nitrogen, while control injections of physiological salt solution, 
of boiled extract, or of highly diluted blood serum containing an amount 
of protein similar to that in the extracts, had neghgible effects. The 
experiment recorded in Table I was therefore carried out to determine 
whether the fall in urine nitrogen was due to failure of absorption, to 
an effect of the extracts on the kidneys, or to storage of nitrogen. The 
diet consisted of 400 gm. of beef heart-craclcer meal mixture, contain- 
ing 10.11 gm. of nitrogen. During the control period from November 

5 to 11, two 50 cc. injections of boiled extract produced no marked 
change in urine nitrogen. Similar treatment with unboiled extract 
on November 12 and 13 resulted in a marked drop in urine nitrogen to 
4.73 gm. per day, from an original average level of 9.1 gm. per day. In 

6 days the original level was reached again and passed, but a second 
similar treatment lowered the urine nitrogen even more markedly to 
3.97 gm. per day. Feces analyses were carried out daily, since the 
animal had one large movement per day. The results indicate that 
absorption was not interfered with, and the fall in non-protein nitrogen 
of the blood excludes the possibility that the extracts damaged tlie 
kidneys. Hence the decrea.se of urine nitrogen must be due to storage 
of nitrogen in the tissues. The extent of this storage is quite con- 
siderable, since the average daily excretion is 1 to 1.5 gm. below the 
control level for 10 to 11 day periods following injections. The high 
control level for non-protein nitrogen of the blood was due to the high 
protein diet, not to renal insufficiency. During the final control period 
cod liver oil and tomato juice were added to the diet, but no sudden 
changes of nitrogen excretion occurred. These changes are at times 
observed if a missing food factor is given to an animal that is on a 
deficient diet. 

The first part of Table II is the record of an experiment in whicli the 
fall in nitrogen e.xcretion was not observed. 
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both Pb(N 03)2 and KBr, the number of effective hits, a, decreases 
as the absorption coefficient [x increases, in a manner contrary to expec-* 
tations based on the two previous experiments. Obviously, however, 
a change in absorption due to a change in wave length would involve a 
wholly different set of subatomic phenomena than a change in absorp- 
tion due to a change in concentration of sensitizer. The experimental 
result is, moreover, qualitatively in accord with the findings of Wyckoff 
(10), who obtained larger “sensitive volumes’’ (or greater ratios of 
effective hits to total absorptions) for shorter wave lengths. That is, 
the number of effective hits as determined from survival curves is less 
than the number of quantum absorptions as calculated from the num- 
ber of incident quanta, the size of the organisms, and the absorption 
coefficient of protoplasm. For B. coli, Wyckoff foimd the lethal 
efficiency of x-ray absorptions to be of the order of 20 per cent, and 
that the efficiency increases with decreasing wave length. A possible 
explanation of this phenomenon is that when the cells occupy a 
relatively small fraction of the total volume irradiated, the longer 
ionization tracks produced by the photoelectrons of larger quanta have 
a better chance of being included in the sensitive volumes of the cells, 
and thus lead to a greater efficiency of the radiation. In fact, one 
would expect on this basis, that the efficiency would be proportional 
to the square of the energy of the ejected photoelectrons, but un- 
fortunately this possibility cannot be checked numerically from the 
data of this paper, because general rather than monochromatic radia- 
tion has been used. Thus, a becomes a function also of wave length, 
X, in such a way that the decrease oi Aa wnth increasing X more than 
outweighs the effect of an increasing fx. Data from physical tables 
show that for a given substance, fx increases as the cube of X (vithin 
limits of X); hence Aa must be a function of X to some power greater 
than the cube, as well as being a function of the nature of the salt. 

The above discussion may furnish another clew to the explanation of 
the observed increase of a as hea\ner salts are used. With a hetero- 
geneous beam such as was used in this experiment, the softer rays are 
absorbed before the harder ones, but as ji increases, as for Pb(NOj)j, 
a larger proportion of hard (and hence more efficient) raj^s are ab- 
sorbed, giving the effect of efficiency increasing more rapidly than the 
absorption coefficient. Here again, the hj'pothcsis could only be 
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Urine collections and analyses were made daily, but due to the length of the 
experiment the daily averages for the week are recorded. The animal, which 
weighed three-fourths as much as the preceding one, was receiving exactly one- 
half as much food, ^200 gm, of beef heart-cracker meal mixture, containing 5,02 
gm. of nitrogen. The injections were given on the same dates as in the preceding 
experiment, and the same lot of extract was used. The results were negative 
imtil 200 gm. of beef heart was added to the diet, increasing the nitrogen intake 
to 10.35 gm. per day. Injection of extract on Jan. 1 and 2 then produced a defi- 


TABLE n 


Showing That the Effect of Anterior Pituitary Extract on the Nitrogen Balance 

Varies with the Diet 


Dog 2. 


Period 


Daily average 


Extract given subcutaneously 

FoodN 

Urine N 

Feces N 

Urine 

volume 

mi-3Z 

gm. 

gm. 

gm. 

cc. 


Nov. 5-11 

5.02 

3.79 


329 

None 

12-19 

5.02 

3.73 


348 

50 cc. No. 094S91A, daily 
Nov. 12 and 13 

20-26 

5.02 

3.98 


261 

' None 

27-Dec. 6 

5.02 

3.83 

0.71 

471 

50 cc. No. 094891A, daily 
Nov. 27 and 28 

Dec. 7-13 

5.02 

3.98 

0.68 

319 

None 

28-31 

10.35 

8.37 


298 

None 

Jan. 1- 7 

10.35 

7.56 


492 

50 cc. No. 094900A, 
daily Jan. 1 and 2 

8-14 

10.35 

9.45 


293 

None 

15-21 

10.35 

9.74 


297 

None 

22-27 

10.35 

8.96 


290 

None 

28-Feb. 2 

10.35 

8.54 


248 

None 


nite fall in nitrogen excretion. During the week following injection of the extract, 
nitrogen excretion through the urine was 0.81 gm. per day below its control level. 
Since the extracts increase metabolism, the increase in the caloric value, as 
w'ell as the protein, of the diet may have been a factor in this conversion 
of a negative result into a positive one. However, during the 2nd and 3r 
weeks after injection, the nitrogen excreted in the urine rose 1.08 and 1.37 gm. per 
day above its control level, and 4 weeks passed before the original level v’as 
reached again. During the week from Jan. IS to 21, a small negative balance 
of about 0.4 gm. per day undoubtedly existed, since the nitrogen loss in the feccs 
on this diet has usually averaged a gram per day. 
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six out of ten experiments on Dog 1. But in respiration experiments 
recorded in Table IV, Dog 1 was used again, and the daily urine nitro- 
gen values clearly reflect the above tendency. The high level at the 
start, April 18, was the sequel of a previous treatment, and this high 
level is readied again during the 2nd or 3rd week after the injec- 
tions of April 21 and 22, and May 12. 

TABLE III 

The Effect of Anterior Pituitary Extract on the Urine Nitrogen Partition, Water 
Intake and Output, and Body Weight 


Dog 4. Nitrogen intake, 10.15 gm. daily. 


Date 

Total 

N 

Am- 

monia 

N 

Urea 

N 

Creat- 

inine 

N 




Extract given subcutaneously 

1932 

gm. 

gvu 

gm. 

gm. 

cc. 

cc. 

kg. 


June 14 

8.94 

0.28 

7.72 

0.240 

500 

370 

22.1 


15 

8.74 

0.27 

7.29 

0.243 

550 

580 

22.1 


16 

8.84 

0.29 

7.49 

0.227 

650 

550 

22.1 


17 

8.34 

0.31 

7.31 

0.229 

535 

325 

22.3 

50 CC. No. 094891A, 

18 

8.68 

0.32 

7.39 

0.226 

655 

565 

22.3 

boiled* 

19 

8.96 

0.27 

7.55 

0.229 

360 

395 

22.2 


20 

8.48 

0.23 

7.12 

0.231 

640 

400 

22.4 


21 

8.54 

0.45 

7.29 

0.234 

750 

250 

22.7 

50 cc. No. 094891A 

22 

4.86 

0,45 

3.63 

! 0.238 

1280 

830 

22. S 


23 

6.62 

0.33 

5.55 

0.249 

1400 

1040 

22.6 


24 

t 7.76 

! 0.32 

6.52 

0.214 



22,6 


25 

8.08 

0.29 

7.06 

0.212 



22.6 


26 

8.63 

0.29 

7.51 

0.238 



22.6 


27 

8.82 

0.28 

7.76 

0.244 


mSi 

22.5 


28 

9.40 

0.30 

8.08 

0.253 

mSi 

565 

22.4 


29 

' 9.68 

' 0.32 

8.38 

0,234 

425 


22.3 


30 

10.05 

0.32 

8.75 

0.232 


590 

22.4 


July 1 

10.40 

0.30 

8.95 

0.231 



22.3 




* Boiled 5 minutes. But 3 d alcohol replaced (see footnote, Table I). 


Nitrogen Partition . — The data recorded in Table III were obtained 
in an experiment on Dog 4. Both the immediate fall in nitrogen ex- 
cretion, and the rise during the 2nd week after injection of e.xtract, 
are due to dianges in urea excretion. There is a definite increase in 
ammonia output during the days immediately following the injection. 
Creatinine excretion, as in Table I, shows no remarkable changes. The 
diets were not creatine- and creatinine-free, but were constant for 
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next 24 hour period. In contrast with the effect on heat production, 
to be discussed later, the eflfect on temperature is small and transient. 

Lactation, Marked lactation followed the injections given to Dog 
1 on November 23 and 24, 1931, during the experiments recorded in 
Table I. 

About 36 hours after the injections all the breasts, including the poorly de- 
veloped anterior pair, were ver}’’ tense. The distal two showed a circular area of 
decided h^’peremia, 5 cm. in diameter, surrounding the nipple. On the following 
da}'" there were numerous drops of milk on the urine pan, and the cage urine was 
visibly turbid from it. This continued for 3 days, after which the swelling of tlie 
breasts retrogressed. In the course of 10 injections of 50 cc. or more which were 
given to this animal in the course of a year, this striking result was obtained only 
once, although after injections given May 12 and June 9, 1932, the breasts were 
enlarged and milk could be expressed. Eight injections given to tl:e other two dogs 
never produced lactation, even tliough in one case tlie same lot of extract which 
produced the marked lactation above mentioned was used. 

Heat Production and Respiratory Quotient , — In Table IV the action 
of the extracts on heat production and on the respiratory quotient is 
shown. 

The animal, Dog 1, had been used for respiration experiments for nearly 4 
months previously. It received 200 gm, of beef heart at noon, and 200 gni. of 
ground mixture containing 1 part of beef heart to 2 parts of cracker meal, at 4 p.ni., 
the diet being intentionally arranged to give fair!}'’ high basal respirator}’' quotients. 
All of the food was consumed within a few minutes after 4 p.m. The metabolism 
determinations were made between 10 a.m. and 12 noon, after the animal had been 
connected with the apparatus for a preliminary hour. Injections were given at 
9 a.m., hence metabolism determinations recorded on the same day as injections 
followed these injections by 2 to 3 hours. The figures for calories per hour, and 
for non-protein respirator}’' quotients, are the averages of tlie two 20 minute 
periods. The basal metabolism falls about 2 calories in the course of the month 
of experiments. Injections of boiled extract on Apr, 19 and 20 had no effect. 
When active extracts were given on the 21st and 22nd, a slight rise in heat pro- 
duction was already noticeable on tlie 21st, 3 hours after the first extract was 
given. On the next day no experiment could be carried out, due to the marked 
panting which occurs invariably when extract is given in large doses on 2 successive 
days, and also due to the fact that depri\dng the animal of water for 3 hours w'ould 
produce a temperature rise great enough to complicate the result. However, in a 
day or two conditions were suitable again for calorimetr}\ On the 23rd tlie heat 
production was found at 42.5 calorics per hour, or 77 per cent above its control 
level. The original \ 7 ilue was not reached again until 14 days after the injee- 
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varied plus or minus O.S°F. from an average of 100.6°F. The great increase in 
heat production was accompanied by the usual increases in respiratory rate and 
ventilation rate, which subsided along with the heat production. The non-protein 
respiratory quotients on the day of injection (2 to 3 hours after the injection) 
showed little change, but on the following da 3 's there was a marked fall of the R.Q. 
During this time there was no sugar in the urine. Moreover the fall in R.Q. was 
due to the oxidation of additional fat, to meet the animal’s increased energy re- 
quirements, rather than to a decrease in carboh^'drate oxidation. For the three 
control days preceding the first injections, and the two preceding the second, the 
complete calculation of the experiments showed an average oxidation of 2.98 gm. 
of carboltydrate, 0.36 gm. of fat, and 1.77 gm. of protein per hour. For the 4 
days when R.Q.’s were low, following injections, the average results were: 2.18 gm. 
of carbohydrate, 2.43 gm. of fat, and 0.97 gm. of protein per hour. With carbohy- 
drate intake constant, protein catabolism reduced, and heat production greatly 
increased, the available carbohydrate 18 hours after the last meal w'as no doubt 
reduced sufficiently to account for the small decrease in oxidation of it. 

DISCUSSION 

With respect to nitrogen metabolism, the constant finding in these 
experiments has been that within 24 hours after injection of the an- 
terior pituitary extract into adult dogs kept on a high protein diet, 
there is a large fall in urine nitrogen, persisting for several days. This 
result was obtained in each of ten experiments on Dog 1, and four 
experiments on Dog 4, and also in the case of the younger animal. 
Dog 2, after it was given a high protein diet. The subsequent result 
appears to be variable. Although not all of the data are sho3vn, all 
of the results were of the types presented. There may be a return of 
urine nitrogen to its former level (Table I) without evidence that the 
stored nitrogen is lost again, or storage already taking place may be 
augmented during the week following injections, and correspondingly 
diminished during the following weeks (Table II), or the stored nitro- 
gen may be lost again (Chart 1). It is remarkable that the nitrogen 
storage occurs in spite of other effects of the extract, a slight rise in 
temperature, a great increase in metabolism, and a large increase m 
water intake and output, which would all favor nitrogen loss, and that 
storage ceases or gives way to loss when these unfavorable condi- 
tions have disappeared. 

Evidence of interference with carbohydrate metabolism^ was not 
even transiently seen in the experiments under consideration. The 
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stimulating fraction of the pituitary exerts any similar action on the 
nitrogen economy will be investigated. 

CONCLUSIONS 

1. Solutions of the globulin fraction of alkaline extracts of the ante- 
rior lobe of beef pituitary glands, when administered intraperitoneally or 
subcutaneously to dogs for 1 or 2 days, greatly increase tire nitrogen 
balance. Urine nitrogen falls markedly, and at the same time blood 
non-protein nitrogen decreases, while the nitrogen of the feces remains 
the same. 

2. The nitrogen gained may either be retained or lost again, indi- 
cating that it may be converted into reserve protein rather than into 
permanent structures. Sudden gains in weight which foUow the in- 
jections are always lost again. 

3. The effect of the extracts on protein catabolism is greatest when 
this is high, as in adult dogs having a neghgible positive nitrogen bal- 
ance, or a negative balance, while consuming a high protein diet 
adequate in calories. 

4. Both the fall in nitrogen excretion, and the subsequent rise, when 
the latter occurs, are due to changes in urea excretion. 

5. Other results of the brief treatments are: great increases in water 
intake and urine volume, marked thirst, slight rise in temperature, and 
a remarkable increase in heat production effected by oxidation of fat. 
Mature female dogs were used, and in one of these lactation occurred 
after some of the injections. 
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NUTRITIONAL ENCEPHALOMALACIA IN CHICKS 


Table I demonstrates the wide variation between different experi- 
mental groups in the characteristics analyzed. For instance, the 
incidence of the disease as measured by percentage microscopic lesions, 
is seen to vary from 30 to 100 per cent. Of the total number, about 
one-third developed neither symptoms nor brain lesions during the 
arbitrarily chosen experimental period. Of the 99 chicks which 
showed symptoms, 83 presented lesions which were noted both grossly 

TABLE I 


Incidence of Nutritional Enccphalomalacia in Chicks on Diet 108 


Date of hatch 

Length 
of time 
on stock 
diet 

No. of 
chicks 

No. 

m 

B 

0 

o* 

1 

of chicks 

cn 

a 

.2 

OJ 

i 

o 

M 

o 

with 

.2 

'E 

8S 

oM 

Per cent 
with mi- 
croscopic 
lesions 

Length of 
time untij 
end of ex- 
periment 

Mean 
No. of, 
days until 
onset of 
disease 


mm 






days 

days 

June 8, 1930 

Hi 

10 

6 

3 

5 

50 

40 

20 

July 7, 1930 

19 

7 

7 

6 


100 

28 

20 

Sept. 30, 1930 

Hi 

22 

8 

10 


54 

28 

20 

Nov. 14, 1930 


11 


5 


54 

30 

24 

Jan. 8, 1931 

2 

1 11 


1 7 


! 64 

28 

22 

Feb. 26, 1931 

0 

IS 


7 


47 

28 

22 

Apr. 30, 1931 

0 

20 

9 

5 


30 

35 

18 

Sept. 28, 1931 


13 

9 

7 

8 

62 

32 

26 

Dec. 1, 1931 

0 

13 

7 

8 


69 

42 

36 

Mar. 1, 1932 


18 

8 

8 


56 

46 

26 

Apr. 26, 1932 


15 

12 

12 


87 

56 

34 

June 13, 1932 


17 

11 

B 


41 

42 

28 

Totals 


172 

99 

85 

98 

57 




and microscopically; 12 showed microscopic lesions only, .and 2, 
gross; in 13, no lesions were found. The presence of symptoms with- 
out demonstrable lesions may have been due to the fact that it Avas 
impracticable to cut serial sections of the entire brain in each case, 
and that small microscopic lesions may have escaped recognition. 
Another possible explanation is that the symptoms were due to tran- 
sient functional disturbance — ^perhaps vascular spasm not followed 
by manifest anatomical changes in the brain tissue. 

The variation between groups may be due in part to the fact that 























Hot 


^as 




Olt^, 




^geu 


UfjQ^ 


^‘seb, 














Cot 




aa'd 




okr 


It 

Jfdtbe 


So 

^ 00 , 


M, 


cc. Qf ‘-^ <ioes r, ^ 

ae"S“ <>Ve° /;''« tfes 3 

'°''^- Aavl to 


e Of ^^Ul- 


a 7 /^ >, 


Hraf 


Oreo 


‘''■totaiJ°^'’oS‘°'®'*°'< 


Slici 


rions 


-In 


exr. ^ ^^ot 




y, ‘'''“'iAc;?''- 




Uz 33 e ''"^Siveor, hq 
h ,' Had *L. °5 ®*Ja. 

'°36o„?®'’en 




safe, 


ytely 'Z'^ til 


““^400 


0 / 


'""toileo; 
andjy 


to “lii. 


of 


4490 

:"■ Pe 

iPc*^ 

Th 

Hi 

tk 
nay 

Hiile 


oc. 
'St. 

'^^Vb. 


tb. 




tlbr" ^ 3 jT 


^ ^ttle ^Htti 


e 

' 9 /s 


9 / 


ozice. 
0 ^ 0 / 
/o 
3 /fer 


C„ 


■^cr( 




Hitta 


^hv. 


of. 


rays 

^Saio 

tinted 

tbo,., 

^odat- 


f si, 
7 : 
but 




'=t>;S-.i??*2-C 


/ie 


°Ppo. 


tbe ' 




“«/or 


, ^^ta 
^o 20.9 


yir-s:~-.Z ■■^‘^ 

'-‘•^55 ?S?:;:s-,.:;:'“«S'' 


^ 9 re(/ 




'Era, 


9 ? 


aa/s 


^5 


'^the 


368 


NUTRITIONAL ENCEPHALOMALACIA IN CHICKS 


The Influence of Age upon Susceptibility 

The experiments summarized in Table I were carried out upon 
day old or very young chicks; our few negative results with older 
birds had given the impression that this disorder could be induced 
only during the early growth period. In order to obtain more definite 
information upon this point, groups of chicks of the same hatch were 
placed upon the disease-producing Diet 108 after varying intervals 
upon the natural foods Diet 634 of Hogan, Hunter, and Kempster 
(4).“ Those that showed no symptoms were kept under observation 
for at least 40 days. 

The incidence of the disease in these successive groups and the time 
elapsing until the onset are shown in Table II. 

From the results of this experiment it w^ould appear that the sus- 
ceptibility to the disease diminishes as the preliminary period upon 
the natural foods diet is extended. It might be supposed that the 
older chicks would exhibit the disease in a milder form and that it 
would take longer to develop. This is definitely not the case. Thus 
in Chick 1294, which had been on the natural foods diet for 54 days, 
and which was the onl}’’ one of 8 in this group to show the disease, 
severe symptoms appeared suddenly after 10 days on Diet 108. 
It was immediately killed and extensive fresh lesions were found m 
the cerebellum. 

Table II demonstrates the unexpected fact that the disease tends 
to develop after a shorter period in the older chicks, in spite of the 
fact that fewer of them become affected. 

Growth and Susceptibility 

For purposes of comparison with the growth of chicks on Diet 108, a 

* Diet 634 of Hogan, Hunter, and Kempster 

lATiole wheat 

l\9iole milk powder 

Casein 

Alfalfa meal 

Butter fat 

NaCl 

CaCOj 

Cod liver oil 

Yeast 


per cent 

55.6 

5.2 
12.3 

2.5 

4.2 
0.9 

1.3 
3.0 

12.0 
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lacia that survived the diet for more than 28 days before showing 
symptoms. Curve C refers to 30 chicks in which the brain w'as nor- 
mal at autopsy. Curves B and C are seen to be similar. The growth 
is not nearly so good as that for chicks on the natural foods Diet 634. 

The records of many chicks that did not survive even 21 days were 
available. The average daily increase in weight of these is included 
in the data given in Table III. 


TABLE III 

Mean Daily Increase in Weight of Chicks on Diets 108 and 634 


1 

Diet 

No. of 
chicks 

Mean 
daily 
increase 
in weight 

! 

P. E. 
of 

mean 

Standard 

devia- 

tion 

B 

Coeffi- 
cient of 
variation 



sm. 

fm. 

im. 


jm. 

108 (with lesions) 

67 

2.9 

0.08 

0.9 


31.6 

108 (without lesions) 

56 

2.8 


1.0 

BSflSiBi 

36.9 

634 (normal chicks) 

85 

6.2 

; 0.11 1 

1.5 

1 0.08 1 

24.9 


TABLE IV 

Incidence of Nutritional Encephalomalacia hi Different Breeds of Chicks on Diet 108 

Chicks Hatched March 1, 1932 




No. of chicks with 


Mean 
No. of 
da>^ until 
onset of 
disease 

Breed 

No. of 
chicks 

cn 

H 

o 

a 

Xfl 

Gross lesions 

Microscopic 

lesions 

Per cent 
with mi- 
croscopic 
lesions 

White Leghorn 

18 

9 

11 

10 

56 

days 

26.1 

1 28.7 
28.5 
29.2 

Barred Plymouth Rock 

16 

11 

11 

10 

62 

White Wyndottc 

20 

15 

12 

12 

60 

Rhode Island Red 

' IS 

11 

14 

15 

S3 


From Table III it is apparent that chicks on Diet 108 had the same 
mean daily increase in weight irrespective of whether or not they 
developed the disorder. 

The Snscepiibility of Different Breeds to Nutritional Encephalomalacia 

In the following experiment, the susceptibility of White Leghorns, 
Barred Plymouth Rocks, Rhode Island Reds, and \^Tiite Wyandottes 
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PRECIPITIN REACTION 


formula weight. These substances, partial hydrolysis products of the 
specific polysaccharide of Type III pneumococcus, precipitate Type 
III antipneumococcus horse serum and parallel in formula weight the 
series of hapten dyes recently described by Landsteiner and van der 

Scheer (8) as precipitating rabbit antisera. 

A marked qualitative difference between antibodies to Type III 
pneumococcus engendered by the horse and those produced by the 
rabbit is brought to light by the fafiure of the partial hydrolysis 
products of S lU} to precipitate the antibody in rabbit serum. Other 
differences of a quantitative nature will be discussed in a subsequen 
communication. 


EXPERIMENTAL 

Hydrolysis of S III with 70 per cent sulfuric acid and the separation of the h)- 
drolysis products into fractions of different average molecular weight have bee 
described in previous papers (9, 7). Unless the conditions are rigorously controU^, 

ver>^ stable sulfuric acid esters of the hydrolysis products may 
eliminate this difficulty an additional series of fractions was prepared u g } 

chloric acid as the hjffiroly tic agent. ,, , n ...Vnnlrl paswas 

The S III was suspended in 1 : 1 hydrochloric acid and hydrochlo ^ ^ 

passed into the mixture untU a clear solution resulted keeping 
below 0°. The use of 1 : 1 acid as the initial solvent resulted in an e . j (.jj 
ofZ s III and avoided the jeUy-like lumps that fonned .hen 
.as used. The solution .as aUo.ed to stand in the ice box 
against further hydrolysis of the higher fractions dunng the « 
they .ere precipitated by adding five volumes of 95 per alcoh^a^^ 
free from hydrochloric acid .ith alcohol before conversmn into ffie 
The supernatant and .ashings contammg the °wer^^^^ The residue was taken 

to drjmess in vacuo, keeping the temperature • . ^gre pre- 

up in water, neutralized with barium hydroxide, were 

cipitated with alcohol and the process was repeated until the sug. 

free from chlorides. , mnner salt by adding 

Any unhydrolyzed S III still present was removed as the copp J 

an eaL of 5 par cent copper sulfate solution to a solut.on of „,iae. 

the fractions, keeping the reaction neutral ^.ashed with 

After standing overnight the precipitate iras .ashings were 

water containing a little copper sulfate. ,.„-|i;tated with hydrogen sulfide, 

acidified with sulfuric acid and the copper was precipit 

T^ii^abbreviation is used to designate tl.c specific polysaccharide of Type !» 
pneumococcus. 
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prepared from Type^IH MtfpneumoT antibody solution 

contained 5.0 horse serum. The antibody solution 

immediately after mixing and after 2 houm 

m the ice box. Corresponding tests Avith overnight 

serum or antibody solution were negative, even^aftefcenTrS^^^^^^ 

discussion 

III did noTpTe^cipLTe^IYpe Mrolysis products of S 

now been found pi + antipneumococcus serum (9). It has 

Zl elTe^t th^ T;-"-" of 1 : 1,000,000, all of the frac- 

serum Thn aldobionic acid precipitate the homologous horse anti- 

that the ureri^T unhydrolyzed S III in 

action of^hiVb^ narrower, chiefly oAving to the inhibiting 

precinitatin^ concentrations, as shown in Table II. Inhibition of 
tratio^ d f inmediately after mixing, results in the concen- 

conditio previous studies, while under the normal 

conditions for the precipitin test a wider precipitating zone is found. 

hvdrol V Q TT^- ^ precipitate obtained is due to traces of un- 

Tn fb fractions is excluded by several considerations, 

r ^ unhydrotyzed S III is completely precipitated, even 

from very dilute solutions, by neutral copper sulfate. The supema- 
tant from a copper-treated 1:20,000 dilution of S III contains less 

rpj^^ ' ^ shown by comparative precipitin tests. 

e Puri e ydrolytic fractions are not precipitated by copper salts 
un er t ese conditions and even in high concentration do not inhibit 
the copper precipitation of added S III. 

In the second place, quantitative determinations show that the 
amount of antibody precipitable by the fractions is much greater than 
could be caused by contamination with unhydrolyzed S III. The last 
two columns in Table I show the amounts of nitrogen precipitated 
from an antibody solution by 0.05 and 0.15 mg. of the different frac- 
tions and by S III for comparison. It will be seen that the hydrol 3 '^sis 
ractions of higher molecular weight precipitate practically as much 
antibody as does an equal weight of S III. Moreover, a quantitative 
study of the entire range of precipitation- shows that the reaction in 
the case of the fractions differs from that of S III with antibody, 

- To be reported in another communication. 
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chiefly in the greater inhibiting effect of increasing concentrations. 
This is also shown qualitatively in Table II. 

Finally, rabbit antisera that precipitate heavily with unhydrolyzed 
S III are not precipitated by any dilution of the fractions, even when 
the concentration of protein specifically precipitated by S III is as high 
as 17 mg. per cc. of serum. Combination of the fractions with rabbit 
antibody occurs, nevertheless, to form soluble compounds, since rela- 
tively high concentrations of the fractions inhibit specific precipitation 
with S III. Felton has shown that antibodies to Pneumococcus in 
horse sera are precipitated with the water-insoluble fraction of the 
serum globulins (12). Rabbit antipneumococcus sera, however, yield 
no precipitate on dilution, so that it is possible that the failure of the 
hapten fractions to form insoluble compounds with rabbit antibody 
may be connected with the greater tendency of rabbit globulin to 
remain in solution. This tendency, however, does not prevent even 
as dilute a solution of S III as 1 : 10,000,000 from precipitating rabbit 
antibody. 

The difference between rabbit and horse antibodies to Pneumococcus 
as regards their ability to precipitate the S III fractions raises the ques- 
tion whether or not other haptens of low molecular weight might more 
often prove to be precipitating as well as inhibiting were immune horse 
sera used instead of the rabbit sera now almost universally employed. 
Thus Landsteiner and van der S cheer have observed innumerable 
inhibition reactions with simple haptens, but reported positive precipi- 
tin tests only in the case of the azo dyes formed by coupling />-amino- 
succinanilic acid and its homologs with resorcinol or tyrosine (8). 

SUMMARY 

1 . Partial hydrolysis products of the specific polysaccharide of Type 
III pneumococcus ranging from 550 to 1,800 in formula weight can be 
quantitatively freed from unhydrolyzed polysaccharide. 

2. The fractions yield specific precipitates with Type III antipneu- 
mococcus horse serum but fail to precipitate homologous rabbit anti- 
sera, giving rise only to specific inhibition. The aldobionic acid, the 
structural unit of S III, does not precipitate antisera. 

3. A possible explanation and a possible application of the findings 
are pointed out. 
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was compared. Twenty chicks of each breed were placed on Diet 108 
from the day of hatching; 5 additional chicks of each lot were given 
the natural foods Diet 634. It was found, as shown in Table IV, 
that the disease is readily produced in each of these breeds. The 
differences in percentage incidence are probably without significance, 
in view of the variations noted in the White Leghorn series (Table I). 

Not only was there a high incidence in all groups, but the average 
time on the diet before the appearance of symptoms was virtually the 
same. The character and distribution of the lesions showed the 
customary variations in all the groups. One may conclude, therefore, 
that none of the breeds tested showed a peculiar susceptibility or 
resistance to the disease, and all are equally suitable for experimental 
purposes. 

CONCLUSIONS 

1. Nutritional encephalomalacia may be induced in chicks up to the 
age of approximately 2 months. As the preliminary feeding period 
on a natural foods diet is increased, the percentage incidence of the 
disease becomes progressively less. The average time between insti- 
tution of diet and appearance of the disease tends to diminish. 

2. There is no correlation between growth and incidence of the 
disease. 

3. White Leghorns, Barred Plymouth Rocks, Rhode Island Reds, 
and White Wyandottes are equally susceptible. 
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For active immunization in typhus fever we have at the present 
time a limited choice of possibilities. In an earlier paper with Batchel- 
der one of us has shown that effective active immunization can be 
carried out with mixtures of convalescent serum and living virus— a 
method too perilous to be justified for use in man if there is any pos- 
sibility of accomplishing the same purpose with dead materials. For 
immunization against the European disease, the carbolized louse 
vaccines of Weigl (2) seem to have been effective, but it is obvious 
that the technical difficulties involved in the use of insects considerably 
complicate practical application. The same objection applies to the 
recent method described by Dyer and his collaborators (3) in which a 
vaccine against the endemic typhus was produced from fleas infected 
with the virus. That immunization is possible by the method origi- 
nally described by us has been confirmed by Kemp (4), who, however, 
found that the immxmity was not lasting and that the vaccine retained 
its potency for a short time only. Dyer and his collaborators cite 
this paper in criticism of our method without, however, considering 
that Kemp’s experiments were carried out with the original, unim- 
proved technique described by us, in which the vaccination material 
contained relatively few as comparedwithour latermethods. 

Moreover, the results reported by Dyer in his experiments were in no 
respect better than those obtained in some of our series, a fact recog- 
nized by Dyer, who believes that a better vaccine than he has so far 
obtained could be prepared eventually by the flea method. 

Since the experiments of Weigl, as well as our own, seem to have 
demonstrated conclusively that immunity in these diseases can be 
obtained with dead virus, the ideal method would be one in which 
sufficient amounts of the Rickettsiae could be obtained either by direct 
cultivation or by tissue culture. Direct cultivation has not so far 
been possible and tissue culture, though easily accomplished, has not 
as yet yielded adequate amounts of the organisms. We believe that 
the easiest procedure so far available by which a sufficiently large 
amount of vaccine can be produced with the Mexican material is the 
X-rayed rat method described by us. Under conditions of reasonable 
success, about 15 cc. of a suspension of washed Rickettsiae almost 
comparable to typhoid vaccine in the number of organisms— can be 
obtained from a single rat. 



STUDIES ON THE PRECIPITIN REACTION 
Precipitating Haptens; Species Dipeerences in Antibodies* 

By MICHAEL HEIDELBERGER, Ph.D., and FORREST E. KENDALL, Ph.D. 

{Front the Department of Medicine, College of Physicians and Surgemis of Cohimhia 
University and the Fresbylerian HospUal, New YorJi) 

(Received for publication, October 19, 1932) 

The term ^^hapten’’ was appKed by Landsteiner (1) to the portion of 
a complex antigen which determines its specific reactivity rather than 
the ability to fimction as an antigen. Thus in a complex azo protein 
the component attached to the protein through the azo group deter- 
mines the specificity, while the protein molecule itself enables the com- 
plex to function as an antigen in the production of antibodies (2). 
Landsteiner demonstrated the specificity of the azo component (hap- 
ten) by its ability, when present in excess, to inhibit the specific pre- 
cipitation of the antigen-antibody complex, and considered the inhibit- 
ing action to be due to actual combination of the hapten with the 
antibody. 

It is now clear that the specific polysaccharides constitute a dis- 
tinctive type of hapten which stiU retains the power to precipitate an- 
tibody specifically (3), combining chemically with the antibody in the 
precipitate and in the inhibition zone (4), just as Marrack and Smith 
(5) have recently found in the case of the inhibition reaction due 
to an azo compound. 

It was originally assumed that the ability of specific polysaccharides 
to precipitate homologous antibodies was a function of a relativel}’' high 
molecular weight (6). However, the writers have shown that the 
formula weights of the above mentioned specific carbohydrates are 
probably less than 10,000 (7). In the present communication there is 
described a series of precipitating haptens ranging from 550 to 1,800 in 

* The work reported in this communication was carried out under the Hark- 
ness Research Fund of the Presbyterian Hospital. 
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Of the vaccinated pigs, one animal seemed to be completely protected, no swell* 
ing occurring at any time, and tlie temperature remaining at or below 103°, except 
on the 6th day, when it touched 104° in the afternoon. The subcutaneously 
vaccinated guinea pig developed no swelling until the 6th day, when the tempera- 
ture touched 105°, The temperature remained at 104° only 2 days, then promptly 
dropped to normal. The third vaccinated animal, though running a typical 
temperature, did not develop swelling until the 6th day, and ran a course much 
less violent than the control that had been allowed to survive. 

There was thus distinctly less severity of the disease in two of the 
vaccinated guinea pigs, and apparently complete protection in one 
of them. This protected animal, however, is the only one of the series 
to which we would attach much importance, since the milder nature 
of the disease in the others might well have been due to the greater 
weight of the vaccinated animals. We omit charts, as unnecessary 
for the description of these experiments. 

Experiment II, July P, 193Z, Vaccinated Anmals Inoculated with Mexican 
Typlnis Blood , — Since we realized at the time that we were doing Experiment I 
that w^e were giving an enormous amount of virus, and since we had bled and 
defibrinated the blood of the two guinea pigs that had furnished the tunicas, we 
carried out, on the same d 2 iy, another experiment in which we inoculated into- 
peritoneall}^ two controls, two intraperitoneally TOccinated animals and one which 
had been subcutaneously vaccinated with 1 cc. of the mked, defibrinated blood 
specimens of the Mexican t>T)hus Guinea Pigs 1 and 2, described in Experiment L 
Again there was, unfortunately, a considerable discrepancy in weight between 
vaccinated animals and controls, the vaccinated guinea pigs all weighing between 
680 and 750 gm. each, while the controls weighed 550 and 650 gm., respectively. 

In this experiment, as was to be expected, the controls did not develop typhus 
until much later than they would have had they^ been inoculated wiA tunto 
material. The temperatures did not rise above 104° in the controls until the 8 
day and the 11th day, respective^. Swelling did not appear until tlie 11th an 
the 12th days, respectively, but was then ty^^ical, and Rickettsiae were found on 
the 13th day'' in one of these animals, killed for transfer. Both of them, in o er 
words, ran late but ty^pical Mexican ty^phus fever. The three vaccinated anima ^ 
developed no swelling whatever, though they^ were observed for 15 day’s. One o 
them — and, perhaps significantly, the subcutaneously vaccinated one— -never 
reached a temperature higher than 103°. One of the intraperitoneally vaccinate 
animals touched 104° for 1 day, the 14th; the other reached tliis temperature on 
the 8th and 12th day’s, respectively, promptly returning to normal in each case. 
In none of the vaccinated guinea pigs was there any evidence of typhus fever 
the slight, temporary temperature rises mentioned above. In none of them i 
scrotal swelling develop. 
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After removing the excess of this gas by distillation in vacuo , the sulfuric acid vrzs 
removed and the hydrol^^zed S III converted into the barium salts by neutralizing 
with barium hydroxide. A portion of the solution was tested with copper chlo- 
ride for traces of S HI and the copper precipitation was repeated if necessary. It 
is possible that precipitation with copper salts removes, besides unchanged S m, 
higher hydroljiiic products than those described in the present paper. Since it 
was necessary to remove all traces of S HI the copper-precipitable material was 
discarded. 

The barium salts were fractional!}’’ precipitated with alcohol after concentration 
of the solution in vacuo to a volume at which the barium salts began to separate. 
Addition of a little water }'ielded a clear solution. As alcohol was added, only 
slight precipitation occurred xmtil a concentration of about 10 per cent of alcohol 
was reached, when considerable material was thrown down. This was centrifuged 
off and more alcohol was added. Again there was very little precipitation rmtil 
at a concentration of about 25 per cent of alcohol a second large fraction was 
precipitated. After this had been removed the remaining barium salts were 
rendered insoluble by addition of five voliunes of alcohol. 

The behavior upon the addition of alcohol indicated that each fraction vas not 
entirely homogeneous with regard to molecular weight but consisted of fragments 
of S in hydrolyzed approximately to the same extent and contaminated with 
relatively smaU amounts of material of higher and lower molecular weight. In 
the sulfuric acid series fractions B, C, and D were precipitated by 10, 25, and 80 
per cent of alcohol respectively. In the hydrochloric acid series, in which the 
hydrolysis was less severe and the lower hydrolysis products were not formed, the 
corresponding fractions C and D have a larger average molecular weight. The 
precipitated fractions were washed with alcohol, filtered off, and dried i;: vacuo 
at 60°. 

The aldobionic acid of S m (9) was prepared by allowing a solution of S 
ni in concentrated hydrochloric acid to stand at room temperature for 2 days. 
After concentration in vacuo the barium aldobionate was isolated and converted 
into the brucine salt, which cr}'stanized from a concentrated aqueous solution. 
After recystallization it was reconverted into the barium salt. 

The reducing power of the fractions was determined by the Wiilstatter-Schudel 
(10) and the Shaffer-Hartmann (11) methods, and the average molecular weight 
calculated from the mean of the two determinations, assuming one reducing group 
per molecule. A summar}- of the properties of the fractions is given in Table I. 
It must again be emphasized that each fraction is probably not a definite chemical 
individual, but represents a mixture of substances vdih not widely different molec- 
ular weights, the value given in each case being the average of the mixture. 
Fraction D in the sulfuric acid series corresponds roughly to a dialdobionic acid. 

Solutions of the sodium salts of the fractions for use in the precipitin tests 
^cremadeby treating solutions of the barium salts with a slight excess of sodium 
sulfate. The precipitin tests recorded in Table II were carried out with 0.5 cc. 
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that were lighter than the vaccinated animals. W e therefore procured a number 
of control animals that corresponded in weight more closely to the vaccinated 
guinea pigs. 

The source of material for the experiment done on July 29 was tunica material 
from a Mexican typhus guinea pig killed on the 6tli day, with typical swelling and 
a moderate number of Rickettsiae in the tunica. Each animal in the experiment 
was injected intraperitoneally with what amounted to approximately a fifth of a 
tunica, which should represent several hundred times the minimal infectious dose, 
although the irregularit}'” of the distribution and amounts of Rickettsiae in indi- 
vidual tunicas is such that it w^ould be absurd to attempt definite statements in 
this regard. In the past, we have obtained infection with 1 /1000th of a tunica 
of the ordinary passage animal. 

The animals were injected as follows: 

gm. 

Control 1 weight, 750 


“ 2 
“ 3 

“ 4 


» 680 
» 720 

» 520 


(Control 4 was added for the sake of passing the strain, and giving us some idea 
as to the difference in susceptibilit}’’ dependent upon differences of weight at 
this range.) 

rm. 


Intraperitoneally vaccinated guinea pig weight, 910 

(t ti (t t{ ^ « 700 

Subcutaneously ‘‘ “ “ SOO 


None of the vaccinated guinea pigs developed typical t 3 ^phus fever. Two of 
them — one, perhaps significantly, the subcutaneously vaccinated one never 
exceeded a temperature of 103.5^, and were below this for all but 1 day. None 
of the vaccinated animals developed swelling. The tliird animal, and for- 
tunately for conclusions — the heaviest, had an isolated rise of temperature to 105 
on the 6th day, and touched 104° on the 8th, but at no time had swelling. This 
may perhaps indicate a very mild typhus reaction. 

The controls all ran t 3 T)ical Mexican fever of a severe type. There was no 
great difference in the severit 3 '' of the disease sustained by the lighter control an 
that occurring in the heavier guinea pigs. In all four controls the temperature 
was either 105° or almost that on the 4th day, and evidence of swelling was presen 
in all of them on that da 3 % the large as well as the small. 

It seems a fair conclusion that the vaccine completely protected 
two of our animals against the virus given in this experiment an 
almost completely protected in the third. Also, the very slight differ- 
ence in the severity of the disease in the light and the heavy contro s 
lends more weight to our previously reported experiments, where t us 
point was the only obvious source of error. 
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TABLE I 


Properties of Partial Hydrolysis Products of S III 


Fraction 


Barium 

Reduction calcu- 
lated as glucose 

Average 

formula 

weight 

Predpita- 
bility by 
copper 
ion or 
rabbit 
anti- 
serum 

N pptd. 
by 0.05 
mg. from 

1 cc. anti- 
body 
solution* 

N pptd. 
by 0.15 
mg. from 

1 cc. anti- 
body 
solution* 

Shaffer- 

Hart- 

mann 

method 

wm- 

statter- 

Schudel 

method 


degrees 

per cent 

per cent 




mg. 

mg. 

H;S 04 B 

-27.2 

17.2 

9.8 


1,800 

— 

1.21 

1.68 

H2SO4 C 

-20.3 

17.8 

17.1 

■kW 

1,020 

— 

1,15 

1.30 

H2SO4 D 

-7.2 

17.2 ! 

32.5 


550 

— 

0.31 


HCI C 

-27.0 

16.2 

12.8 

12.5 

1,430 


1.16 

1.62 

HCl D 

-21.9 

16.4 

15.9 

15.0 

1,165 

— 

1.09 ’ 

1.36 

Aldobionic 

-hlO.6 

18.8 

50.0 i 


360 

— 

— 

— 

sm 

-34.0 




5,600t 

+++ + 

1.23 

2.12 


* Prepared from antipneumococcus horse serum by Felton’s procedure (13). 
Analyses according to (14). 
t See Reference 7. 


TABLE n 

Precipitin Reaction betwecfi Hydrolysis Products of S III and Aniipncumococcus 

Horse Serum^ Type III 


Dilution of fraction 


Fractions in order 
of decreasing 
molecular weights 

0 

1:500 


1:2,000 

1:4,000 

0 

0 

0 

0 

1:400,000 

1:1,000,000 

1:5,000,000 

sm 

(-) 

(±) 

(+) 

(++) 

(+++) 

(++++) 

(+++) 

(i) 

(-) 



+ + 

++++ 

+ +++ 

++++ 


+++ 

++ 

+ 

HjSOi B 

(-) 

(-) 

(-) 

(±) 

(++) 

(++) 

(+) 

(±) 

(-) 


— 

i “ 


++± 

+ + + 


+++ 

++ 

4- 

HCIC 

(-) 

(-) 

(-) 

(±) 

(++) 

(++) 

(+) 

(±) 

(-) 


— 

— 


++ 

+++ 

+++ 

+++ 

+4- 

4- 

HCID 

(-) 

(-) 

(-) 

(-) 

(+) 

(++) 

(+) 

(±) 

(-) 


— 

— 

— 


+ + 

++4- 

+++ 

“h+cb 

4- 

H-SO* C 

(-) 

(-) 

(-) 

(-) 

(+) 

(+++) 

(+) 

(-) 

(-) 




+ 

+± 

++ 

-h+=i= 

++ 

+4* 

— 

H 2 SO 4 D 

D 


(-) 

(-) 

(-) 

(++) 

(+) 

(-) 

(-) 


D 

ilHI 



+± 


++ 

+ 


Aldobionic 

H 

B 

B 


■■ 

— 



i - 


Parentheses indicate readings taken immediately after mixing. Other read- 
ings after 2 hours at 37°, overnight in ice box. 












































388 


typhus fever. X 


In another experiment— three vacrinaf,.^ 
controls — there was nrarfiVoii nated guinea pigs and three 

animals, but the third devel m two of the vaccinated 

days) withprom;tt^^^^^^^^^^^ febrile period (3 

courses in the controls. This exper^enTf 

as showing little or no evidence of protectL ’ ““ =“““““<1 

animals— the rMults'wp”*~^*'^*j vaccinated and three control 

tive effect on th^plft Xhe'" P™"" 

severe and Drolono-prl f i • r ^f^e three controls all developed 

above r4«orthelthaShI:^"7,™‘" !» 

level for 11 to 17 H ^ ® ^^d lasting at approximately this 

the anLVs Of twa ^7 considerable emaciation ol 

pletelvToLt^l d T" P«=> seemed com- 

distinctly in contrast to thos *”f ° 

X'the irst ld T"? done 107 days 

alter the last administration of vaccine. 

DISCUSSION 

thS “ »ac 

varMelrf ttc Mexican and endemic American 

and wasberl ®^P“'““‘'‘' typhus fever can be carried out with killed 
us “cthod described by 

seen P™''® effectual in man remains to be 

students f .'t tiemg actively investigated by Mexican 

Bustamp "t me ^particularly by Varela, by Casco and by 

haq hp ^ !i vaccine, properly controlled, does no injurj^ 

I ^ equate y demonstrated by the fact that these workers 

la^ vaccinated many thousand individuals without accident. 

. ^^ve no data to offer yet as to the lasting qualities of the vac- 

fo^alin or phenol (which is used 
y Weigl for his louse vaccines) is preferable as a preservative. That 

• conveyed by the vaccine is not a very short-lived one 

^ f ^ experiments carried out from 36 to 

T vaccination the results were favorable. If 

s ou still be a lingering doubt in the minds of some investi- 
as to u ether or not the Rickettsiae obtained by us from the 


MICHAEL HEIDELBERGER AND EORRESX E. KENDALL 379 


BIBLIOGRAPHY 

1. Landsteiner, K., Biochem, Z., 1921, 119, 294, 

2. Landsteiner, K., Klin. Woch., 1927, 6, 103. 

3. For a review, cf. Heidelberger, M., Physiol, Rev,, 1927, 7, 107; Chem, Rev,, 

1926-27, 3, 403. 

4. Heidelberger, M., and Kendall, F. E., J, Exp, Med., 1929, 60, 809. 

5. Marrack, J., and Smith, F. C,, Brit, J, Exp, Path., 1932, 13, 394. 

6. For the first estimation of the molecular weight of S HI (f, Babers, F. H., 

and Goebel, W. F., J, Biol. Chem,, 1930, 89, 387, 

7. Heidelberger, M., and Kendall, F. E., J. Biol. Chem., 1932, 96, 541. 

8. Landsteiner, K., and van der Scheer, J., Proc. Soc. Exp. Biol, and Med., 1932, 

29, 747; J. Exp, Med,, 1932, 66, 399. 

9. Heidelberger, M,, and Goebel, W. F., J. Biol. Chem,, 1926, 70, 613; 1927, 

74, 613. 

10. Willstatter, R., and Schudel, G., Ber. chem. Ges., 1918, 61, 780. 

11. Shaffer, P. A,, and Hartmann, A. F., J, Biol, Chem,, 1920-21, 46, 365. 

12. Felton, L. D., J. Immunol., 1931, 21, 341, and earlier papers. 

13. Felton, L. D., J. Immunol., 1931, 21, 357. 

14. Heidelberger, M., and Kendall, F. E., J. Exp. Med., 1932, 65, 555. 



390 


TYPHUS FEVER. X 


3. Subcutaneous vaccination is fully as effective as intraperitoneal 
— even when tlie subsequent infection is intraperitoneal. 

4. As in previously reported experiments, the vaccines made with 
the Mexican organisms conferred only partial and feeble protection 
against the European virus (Breinl strain). 
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STUDIES ON TYPHUS FEVER 


X. Further Experiments on AcxnrE Immunization against 
Typhus Fever with Killed Rickettsia* 

By HANS ZINSSER, M.D., akd M. RUIZ CASTANEDA, IM.D. 

{From the Department of Bacteriology and Immunology , Harvard University Medical 

School^ Boston) 

(Received for publication, October 26, 1932) 

In a number of preceding communications, the writers have pub- 
lished the results of active immunization of guinea pigs with formalin- 
killed Rickettsiae obtained from the tunica lesions of guinea pigs 
infected with the Mexican virus. Such experiments showed that it 
was possible to obtain a considerable degree of active immimity against 
infection with the Mexican virus. Against the European virus this 
method gave only a partial immunization, amoimting often only to a 
distinct diminution of the severity of the disease. 

Since the publication of our earlier results, the methods of vaccine 
production have been considerably improved by the use of rats in 
which resistance to typhus had been depressed either by benzol injec- 
tion or by exposure to radiation with short wave length X-rays. The 
X-ray method has since been found to be far the more regularly suc- 
cessful one. Intraperitoneal inoculation of animals so treated with 
moderate doses of Mexican virus yields almost invariably massive 
amounts of peritoneal Rickettsiae (1). This method is now being 
extensively investigated by Varela and others in ^lexico, and its 
effectiveness in man will, we believe, eventually be determined by 
these workers. Meanwhile, we have been induced to cany'' out a new 
series of immunization e.xperiments on guinea pigs with the use of 
the X-rayed rat vaccines, since in these preparations there is a much 
higher concentration of Rickettsiae than in any of the others hitherto 
employed by us. 

* This work aided by a grant from the DeLamar Mobile Research Fund 

3S1 
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Felix reaction at this time showed agglutinations as follows: 1-20, + + ++; MO, 
+ ++; 1-80, + ++; 1-160, ++. 

A number of protection experiments were done with this serum. Moderate 
doses of tunica virus were mixed in test-tubes with varying amounts of the immune 
horse serum ranging from 0.025 to 0.25 cc. Controls with normal horse serum were 
always carried out. We do not describe these experiments, since the results 
obtained were not decisive, although in two of them there was indication that the 
immune serum exerted a distinct inhibitory action upon the virus. In the third 
experiment of this series, the controls all reacted t}Tpically, with temperature and 
swelling, \Yhile of five animals receiving immune serum, one only developed scrotal 
swelling and this one alone developed a temperature of over 104® at any time. 

The increase of the Weil-Felix reaction, an increase w^hich as far as we know has 
never been noted in animals injected ■with dead virus alone, and the moderate 
protective effects encouraged us to continue immunization of the horse since, after 
all, the amounts of antigen which we had been able to inject were incomparably 
inferior to those -with which one expects to obtain potent antibody production in 
horses in analogous immunization with bacterial materials. 

We therefore, after an interval from the middle of March until the end of May, 
resumed injections of the vaccine, employing the method advised by Dr. Benjamin 
White for horse immunization. This consists in giving three injections on con- 
secutive days, followed by intervals lasting about a w^eek. With several interrup- 
tions due to the difficultj^ at times, of producing enough vaccine, immunization 
was carried on from May 31 untQ Aug. 6. The injections ^vere made in- 
travenously. During this period the horse received eighteen injections ranging 
from amounts of 5 to 10 cc, during the first series, to 25 to 30 cc. of thick suspen- 
sions of Rickettsiae during the last three series. 

On Aug. 15, 9 days after the last injection, a large amount of blood was taken 
from the horse. At this time the Weil-Felix reaction was + + + + iii dilutions of 
1-40 and 1-80, + in 1-160 and definite, though incomplete, at 1-320. Con- 

trol normal horse serum never agglutinated the Proteus X'19 in dilutions above 
1-40, This -was true as well of the serum of the immunized horse taken before 
vaccine injections were begun. 

In our preliminary protection experiments, much difficulty was 
encountered owing to the impossibility of comparative accuracy in the 
dosages of virus used in consecutive experiments ^no two tunica 
materials containing exactly comparable amounts of Ricketlsiac^ Be 
cause of this, and in order to avoid unnecessary expansion of this 
report, we shall summarize all but the last experiment. 

Protection Experiments 

1. In two experiments in which amounts of immune serum ranging 
from 0.05 to 0.2 cc. were mixed with l/30th to l/40th of a virulent 



HANS ZINSSER ANB il. RUIZ CASTAlffiDA 


383 


The purpose of the present communication is to add to our previous 
reports the results of active immunization in guinea pigs with this 
X-rayed rat material killed with 0.2 per cent formalin. We are not 
at all sure that formalin is better than phenol for preservation, but 
we have not had time so far to carry out comparative experiments. 

EXPERIMENTAL 

Preparation of Animals. — Gtiinea pigs were vaccinated with formalinized rat 
Rickettsia made by the X-ray method containing a relatively small amount of 
detritus but very large amounts of Rickettsiae. The vaccine was not used imme- 
diately after being made, but had been kept from 1 to 3 weeks in the ice box. 

Fifteen guinea pigs received the vaccine intraperitoneally, and five guinea pigs 
received it subcutaneously, as follows: 


u. 

!May 18 0.5 

“ 23 1.0 

“ 28 1.0 

Jime 3 1.0 


No protection experiments were done until July 9, it being desirable for prac- 
tical purposes to determine whether any acquired immunity would last for at 
least a minimum of 5 weeks and longer. 

Experiment I. July P, 1932. Inoculation with Mexican Typhus Virus . — ^The 
infectious material for this experiment was the tunica scrapings of two guinea 
pigs, Nos. 1 and 2, killed on the 6th day after intraperitoneal inoculation with 
tunica and blood from an animal infected with ile.rican 'vdrus. Three \’accinated 
animals and two controls received, each, 2 cc. of a suspension of the four tunicas, 
the dose representing about one-third of a tunica for each guinea pig. Examina tion 
of the tunicas after the experimental inoculations had been made revealed that 
in one of them there were enormous numbers of extracellular RickeUsiae^ far more 
than are tisually seen in guinea pigs at this stage. These animals, therefore, 
received tremendous doses. The \’accinated guinea pigs weighed from SO to 125 
gm. more than the two controb, although the largest available control animab 
were chosen. 

The results of thb experiment are unsatisfactory-, perhaps because of the enor- 
mous dosage employed. Nevertheless, there was dbtinct c\idcnce of a higher 
rcsbtancc in the \uccinated than in the control animab. The controb on the 4th 
day reached temperatures of 104.2^ and 106’, respectively, and typical swelling 
appeared at that time. One of these control animab, No. 4, was killed on the 
6th day, in order to keep the strain going. Its temperature had not gone below 
104’ since the 4th day and wus at that time 104.5’. The other control ran a tem- 
perature fluctuating between 105’ and 106’ from the 4th to the Sth day, -vrith 
swelling that did not decrease until the Sth and 9th days. 
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the virus injection. One received normal horse serum 24 hours after 
infection. One received no serum. 

(а) The animals receiving the serum 24 hours after the virus showed 
a temperature touching 104° for 3 days, swelling for 1 day, but defer- 
vescence on the 5th day. The analogous normal serum control had 
a severe attack of the disease lasting 12 days, with scrotal swelling 
lasting 5 days. 

(б) The animal receiving the serum 48 hours after the virus was 
completely protected. 

(c) The animal receiving the serum 72 hours after the virus was not 
protected. 

The severity of the disease in the controls in this experiment, to- 
gether with the results of the experiment described in detail below, 
indicates that our dose of virus was excessive and that, for reasons not 
clear to us, the subcutaneous method of giving the serum in this type 
of experiment is preferable to the intraperitoneal route. 

In another experiment, two guinea pigs were given a moderate dose 
of tunica virus intraperitoneally. One of them received 1.5 cc. of the 
immune horse serum intraperitoneally 24 hours later. The other w^as 
similarly injected, at the same time, with normal horse serum. The 
immune serum animal was completely protected. The normal serum 
animal sustained a typical and severe attack of typhus. 

The following experiment will be described in detail, since we believe 
that it permits the definite conclusion that the serum of our horse 
even at its present relatively low potency — will prevent the develop- 
ment of typhus in guinea pigs, even when administered toward the 
middle or end of the incubation time. 

On Oct. 3, eight guinea pigs of approximately the same -weight -w'ere given, in- 
traperitoneally, 1 cc. each of washings from a Mexican t 3 'phus guinea pig tunica 
fairlj'- rich in Rickettsiae and representing approximatelj' l/50th of a tunica. These 
animals were paired. One guinea pig of eacli pair received, subcutaneously, 2 
cc. of normal horse serum; the other animal of the pair receiving the same amount 
of immune horse serum, in the same ■u'a 3 ^ These injections were given to one 
pair 24 hours after the virus; and to the other pairs 48, 72 and 96 hours, respec- 
tively, after the virus had been administered. The reactions of the guinea pigs 
are set forth in Charts 1 to 4. 

It is apparent from this experiment that, -with amounts of virus 
which gave typical and severe typhus fever of the New' World variety 
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in all of the four animals in which normal serum was given, no disease 
occurred in the three animals in which the immune horse serum had 
been subcutaneously administered 24, 48 and 72 hours after the intra- 
peritoneal injection. 

Even in the animals in which the immune serum was delayed for 
96 hours, that is up to one day before the control developed typical 
fever, the disease seems to have been postponed for 2 days and the 
swelling limited to a slight reaction lasting for 1 day only. 


Effect of the Serum on the Enropcan Rickettsia 

In these experiments, we have been puzzled and considerably 
worried by the fact that our immune horse serum, which exerts such 
unquestionable potency in protecting against the New World disease, 
has so far exhibited no similar protective action against the European 
virus. In preceding papers (2) we have reported the analogous obser- 
vation that active immunization, satisfactorily accomplished against 
the New World disease with our vaccines, was only partially success- 
ful against infection with the European disease. Yet cross-immuniza- 
tions in animals convalescent from infections with the living virus of 
these two varieties have been regularly observed by others as well as 
by ourselves; and cross-agglutinations published by us in a recent 
paper (3) have indicated a close relationship between the respective 
agents of the two types of typhus. The question arises whether this 
may not be a quantitative difficulty which can perhaps be overcome 
by a more energetic immunization of the horse with living Mexican 
organisms superimposed upon the treatment with killed Rickettstae. 

For obvious reasons, we have been unable to determine the agglu- 
tination titer of the horse serum against our own vaccines. The in- 
jections made into the horse were carried out with material obtained 
from the peritoneal exudates of rats, and we have been able to discover 
no other method of obtaining Mexican Rickettsiae in a form suitable 
for agglutination reactions. In vitro serum tests carried out with such 
an antigen and this horse serum would, therefore, be rendered value- 
less by the reaction inevitably occurring between rat protein and its 
antibodies. The Weil-Felix reaction developing in the horse indicates, 
of course, that a change had taken place in the animal analogous to 
that whicli occurs wffien an attack of tjqjhus fever — either of the 0 
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the development of properties in the horse’s serum which may be 
described as follows: 

1. An original agglutinating potency for Proteus X-19 (Weil-Felix 
reaction) not exceeding dilutions of 1-40 was enhanced to a potency of 
1-160 and, feebly, 1-320. 

2. The horse’s serum, after immunization, exerts distinct protective 
action against the Mexican virus, whether mixed with the virus before 
injection, administered 1 week or somewhat longer before the virus or 
given 24, 48 or 72 hours after infection with virus. Experiments of 
the last category have been most successful when the serum was given 
subcutaneously. 

3. The serum of the immunized horse agglutinates the Weigl louse 
vaccines, containing Rickettsia prowazeki of the European disease in 
dilutions comparable in potency to the Weil-Felix reaction. 

Since the serum described exerted protective effects when given 7 
and 13 days before infection with the virus, there is some prospect of 
prophylactic usefulness on the part of this serum. 

Since the serum also protected when subcutaneously administered 
24, 48 and 72 hours after intraperitoneal infection of guinea pigs, and 
somewhat modified the disease even when given 96 hours after infec- 
tion — that is 1 day before the control came down with a typical reac- 
tion — , it is at least logical to investigate its possible therapeutic value 
by early administration in the human disease of the New World or 
Mexican type. The time intervals governing the experiments of the 
last two categories in guinea pigs were of course dependent upon the 
balance between the amounts of virus and of serum used. 

The failure of similar effects upon the European virus is not easily 
explained. This is especially difficult to understand in view of the 
unquestionable agglutinating potency of the serum for the Weigl 
vaccines. Whether this difficulty is purely a quantitative one, or 
depends upon other factors, can be determined only by further 
investigation. 
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tunica vaginalis of guinea pigs represent the true etiological agents 
of the New World disease, we may point to Experiment II, in which 
the Rickettsia vaccine protected against inoculations with the blood 
of animals at the height of the disease. To assume in that case that 
the vaccine did not contain the specific agent would necessitate the 
corollary that the diseases in the Mexican and North American guinea 
pigs were not typhus fever at all, but a Rickettsia disease quite distinct 
from European typhus. 

Since these experiments, together with our previous ones and those 
of Kemp and of Dyer and his associates, establish the possibility of 
active imm unization with killed Rickettsiae, the ideal method to be 
aimed at should be the development of cultural methods, either on 
special media or on tissue, which will yield sufficient quantities of 
Rickettsiae for vaccine production. Until this is achieved, we believe 
our X-ray rat technique to be the most practically applicable method. 

In regard to the European variety of the disease, our results remain 
partial. In view of the results of Varela and his collaborators, who 
protected with our vaccines against the Tunisian virus, it may be of 
value to attempt human vaccination with our materials in Africa as 
it is being carried out in Mexico. We should hesitate to advise such 
a procedure in Europe until we have achieved more than the partial 
experimental successes which we have described. Our results in this 
regard are definitely inferior to most of those reported in guinea pigs 
with the Weigl louse vaccine. Nevertheless, thej' are distinctly 
encouraging to further effort. 


SCIBLARY 

1. Vaccines consisting of formalinized Rickettsiae of Me,xican t3’phus 
fever, obtained bj' our X-ray rat method, produce definite resistance 
in guinea pigs to subsequent infection with the Nurus of this disease. 

2. The resistance so produced amounts to complete immunity when 
the subsequent infectious dose is moderate — that is, consists of tj-phus 
blood or of tunica material in reasonable amounts (not more than one- 
quarter of a tunica — i.c., roughlj' 100 to 250 infectious doses). When, 
as in Uie first e.xperiment. e.xcessive doses of infectious material v.*ere 
given, the vaccination protection was, in two of the three animals, 
incomplete. 
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SPLENECTOMY IN BILE FISTULA DOGS 
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terizntionwonM *>“' ^*11““* eU-rination. Cathe- 

Placed in .^b^r b“ri“^ “ ’ «■ 

globin deS^ru!?"* ’’ and blood hemo- 

of pigment overnmH ^ ^ during periods 

determinations are done by tTe 4Trld mLd“' 

“Klim” fa experiment and consist of canned salmon, 

latetory P™*') ““ * P-Pa™" ^ “ 

salmon 50 gm. “Hta"' SoT H n ‘“f ?“ S"" 

diet of salmon h ^ Ann 30-62 received a daily 

50 cc. Doit ^0 Sm. and ox bile 

100 gm “Klim” 1 bread 500 gm., canned salmon 

breaCnd^fp °x bfle 50 cc. Water 400 cc. is added to the dried 

colony a d ' lents mixed into a mash. The bread is used in our anemia 

It containc: f t maintaining dogs in health indefinite^', 

canned fnmo\ potato starch, canned salmon, sugar, cod hVer oil, 

described t?! ^ mivture. Its preparation has been carefully 

has been e. f u ^ hemoglobin production of anemic healthy' dogs 

ttTs Set in “ "■=“ The obvious advantage of 

outou, ot ,i ■'fc®*'"'” ‘'°S* P''S““* ^'Pdy needs no comment. An 

tor is tn h omoglobin each week over and above the maintenance fac- 

tor IS to be expected on this diet. 



STUDIES ON TYPHUS FEVER 


XI, A Report on the Properties or the Serum or a Horse Im- 
munized WITH Killed Formalinized Rickettsia.* 

By HANS ZINSSER, M.D., and 3^1. RUIZ CASTANEDA, M.D. 

{From the Department of Bacteriology and Immitnology, Harvard Unkersily Medical 

School, Boston) 

(Received for publication, October 26, 1932) 

As a natural corollary of our efforts to produce a vaccine for active 
immunization against the New World variety of typhus fever, we un- 
dertook, over a year ago, to immunize a horse with these vaccines, in 
order to determine possible antibody production and protective 
properties. 


Course of the Imiminizaiion 

We began on Sept. 30, 1931, to inject, subcutaneously, into a healthy horse 
formalinized Rickettsia suspensions made from the peritoneal exudates of rats 
prepared and infected by the benzol technique described b}^ us in preceding papers. 
These injections were continued until Jan., 1932, for nine injections, the material 
being only moderately rich in Rickettsiae. At the end of that time, the Weil- 
Felix reaction of the horse, which had originally agglutinated Proteus X-19 -f -f in 
1-40 dilutions, had increased only to 4- + + + in 1-40 and 4- in 1-80 dilutions. 
The injections were intermitted at this time, because the pressure of other work 
prevented our attending to vaccine production. 

In Feb., 1932, we developed a method of reducing the resistance of rats by 
exposure to X-rays (1), a procedure which we have used for %’uccine production 
since that time and which is being at present extensively used in I^Iexico in the 
preparation of material for human v’accination. This method jdelds a material 
so rich in Rickettsiae that it is possible to inject large amounts of antigen in rela- 
tively small volumes, and also to wash the Rickettsiae, reducing the content of rat 
protein. 

With this material immunization of the horse was continued until 3^Iar. 18 
when a total of nineteen injections of the killed \’accme had been given. On 
hlar. 24, 8 days after the nineteenth injection, the horse was bled. The Weil- 


* This work was aided by a grant from the DeLamar Mobile Research Fund. 
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SPLENECTOMY IN BILE FISTULA 


DOGS 


Dog 29-353. 


table 1 

Cycles of Pigment Overproduction 


^ Bile 
pigment 
output per 
24 hrs. 


Urine-bile 
collected 
24 hrs. 


Food 

consumed 


Remarks 


Jan. 22 

23 

24 

25 

26 

27 

28 
29 


May 7 
8 
9 

10 

11 

12 

13 

14 


Average. . 


May 21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

June 1 
2 


per cent 


Splenectomy Sept. 
17, 1930 

Control period 



14.1 Maximum pigment 
output 



End of 1st cycle of 
pigment overpro- 
12.7 duction 



100 13.5 
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HANS ZINSSER AND M. RDIZ CASTANEDA 

tunica and left at room temperature for 10 minutes before mtrapen- 
toneal injection into guinea pigs, we obtained distmct prolongation o 
the incubation time (4 to 6 days) and shorter temperature curves than 
were observed in normal horse serum controls. There was a definite 
effect of the immune serum, but the amounts of serum were obviously 

too small in relation to the doses of virus. _ 

2. In one experiment in which amounts of 0.1 cc. of the ^une 
serum were mixed with small doses of virus (l/2S0th of a tumca) and 
the mixtures allowed to stand for 30 minutes at room temperature 
before intraperitoneal injection, the immune serum animals were com- 
pletely protected, wlule the normal horse serum control sustamed a 
typical typhus fever after a prolonged incubation tune of 14 days. 

Duration of Passive Immunization 

In another et^ieriinent, four guinea pigs received 1 cc. each of im- 
mune horse serum subcutaneousiy. Controls were given 1 cc. each 
of normal horse serum in the same way. Intraperitoneal infection was 
carried out with a moderate dose of tunica virus 24 hours, 7 days, 13 

days and 18 days after serum injection. 

U When the vims was given 24 hours after the serum, there was 

complete protection. . 

(6) men the virus was given 7 days after the serum the immune 

se^ animal sustained a very mild fever (1 day), with slight atypical 
swelling while the control had a severe attack beginning in 3 days and 

progresses with typical swelling and temperature cur^^e. _ 

(c) men the virus was given 13 days after the serum, the animal 
which had received the immune serum was partially protected m a 

manner described in Paragraph {b). s.v * 

(d) When the virus was given 18 days after the serum, the protective 

effect of the serum had completely disappeared. _ 

This experiment encourages the hope for possible prophylactic use- 
fulness of sera of this tjTC* 

Can the Scrum Protect if Given after the Virus? 

Five guinea pigs received strong doses of tunica virus intraperito- 
neally Three of these animals were given 1.5 cc. each of immune 
horse serum, intraperitoneally. 24, 48 and 72 hours, respectively, after 
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SPLENECTOMY 


IN BILE PISTULA 


DOGS 


table 3 






iw 


^ninH 


BBiW— agaaglgMl 
nunoilOH^Si 


IB— MBMI 


Chart 3 

z 3 4 5 6 7 8 9 10 11 12 13 K 


■■■■gggggHBi 


CHAnx 4 

CmviiTS 1 to 4. In these charts the hca%y black lines represent the temperature 
reactions of the animals rcceKang the immune scrum, the broken lines those of 
the animals recci%’ing cQUi\*alent amounts of normal horse scrum* The arrciTS 
indicate the points at which the scrum, normal or immune, was injected* The 
letters “sw**’ at the tops of the charts indicate Upical scrotal swelling in the normal 
horse scrum controls; at the bottom of Chart 4, in the animal treated with immune 
scrum. All animals received \drus intraperitoneally on the 1st dav. 
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SPLENECTOMY IN BILE EISTULA DOGS 


consideration of the total bile pigment overproduction. This total 
production of bile pigment above the control level is also expressed in 
column 4 as grams of hemoglobin obtained by calculating 40 mg. of bile 
pigment as equivalent to 1 gm. hemoglobin. 

Pigment lost to the body is expressed in columns 7 and 8 in terms of hemoglobin 
as coming from the urine bile pigment above the control levels — columns 4 and 
7 are equivalent. The pigment lost from the blood (column 8) is estimated from 
the fall in blood hemoglobin levels during any given period — the blood volume x 
13.8 X per cent hemoglobin lost. Hemoglobin 100 per cent = 13.8 gm. per 100 cc. 
whole blood. 

Pigment gained for the body is given as grams of hemoglobin in columns 9 and 
10. Column 10 records the gain from transfusions. Column 9 records the gains 
in the hemoglobin level in the blood during any given period and the grams hemo- 
globin estimated exaetty as were the grams hemoglobin lost. This new formed 
hemoglobin is presumabl}^ derived at least in part from the diet intake. 

Unexplained ‘‘A"’’ pigment surplus is given in the last column expressed as hemo- 
globin grams equivalent whether coming from hemoglobin or bile pigment. It 
is the sum of the surplus bile pigment expressed in hemoglobin equivalents (column 
4 or 7) plus any hemoglobin gained in the blood by rise of hemoglobin per cent 
(column 9) less any hemoglobin given by transfusion (column 10) and less any 
hemoglobin lost from the blood stream (column 8) as presumably this would go 
direct to form bile pigment and therefore is “explained.” 

The total unexplained pigment surplus amounts to 1113 gm. hemoglobin equiv- 
alent whether appearing as hemoglobin or bile pigment. This amounts to 5.8 
gm. hemoglobin equivalent per daj'' or 40.6 gm. per week. 

A standardized anemic dog on this ration will put out 2-^ gni* 
hemoglobin per week over and above the unknown maintenance factor. 
This output of 40.6 gm. hemoglobin equivalent per week approximates 
closely the high levels of hemoglobin production in anemic dogs when 
fed liver or kidney diets. 

The second dog (30-62) was a young female mongrel setter about 1 year of age. 
Biliary occlusion was incomplete which necessitated a second operation. She 
began a C 3 ''cle of pigment overproduction 5 weeks after the second operation an 
4 months following the splenectom 3 ^ She lived 89 da 3 "s after the pigment over 
production began. The dog went through 4 C3^cles of pigment overproduction 
of 13 to 27 da 3 ’'s duration with short periods of low bile pigment output between 
C 3 ’’cles. She showed icterus during the last 2 months of life. Appetite, food con 
sumption and weight were not disturbed. Two transfusions W’ere given during 
periods of dangerousb’^ low blood hemoglobin levels. 
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SPLENECTOMY IN BILE FISTULA DOGS 


Table 5 shows the control level of bile pigment output as 75 mg. 
24 hours. The control hemoglobin level is lower than normal am 
probably related to the second operation. Following this operat 
there was a small stitch abscess and some drainage from the wou: 

The periods of high pigment output average 414 and 409 mg. ; 
24 hours — about six times the control level. The blood hemoglo’ 
levels show considerable decrease. 

Table 6 is a summary of the pigment output of the second c 
(30-62) . This type of table is explained under Table 4. The base 1: 

TABLE 6 

Unexplained Pigment Stirplus in the Sphncclomized Bile Fistula 


Dog 30-62. Basal bile pigment output 72 mg. per day. 


Bays of 
experiment 

Total bile pigment output 

Blood Hb. 
level 

Pigment lost 
gm. Hb. 
equivalent 

Pigment gained 
gm. Hb. 
equivalent 

"X 

pigmi 

surp! 

Total 

above 

control 

expressed 
as Hb. 

start 

end 

in 

urine 

from 

blood 

in 

blood 

trans- 

fusion 


tng. 

mg. 


per cent 

per cent 





gm. 

16 

2810 

1658 



86 

41 

31 



i( 

21 

7992 

6480 


86 

27 

162 

88 


25 

45 

18 

6183 

4887 


27 

43 

122 


24 


146 

19 

5834 

4466 

112 

43 

38 

112 

8 



104 

9 

1187 

539 

13 

38 

81 

13 


64 

34 

43 

6 

1147 

715 

18 

81 

72 

18 

13 


IH 

m 

89 

25153 

18745 

468 



468 

140 

88 

59 

357 

Per day 

283 

211 

5.3 



5.3 

1.6 

1 

0.66 

4 


bile pigment output is the average of all control observations 72 mj 
per 24 hours. The surplus of bile pigment above the control level . 
expressed as hemoglobin equivalent in columns 4 and 7 . This amounl 
to 211 mg. bile pigment per day or 5.3 mg. hemoglobin equivaleni 
When we allow for the hemoglobin destroyed to account for the fluctua 
tions in the blood hemoglobin levels we find the “unexplained X 
pigment surplus as 357 gm. equivalent of hemoglobin or 4 gm. per da} 
When we recall that the standard anemic dog on this diet can pro 
duce only 2-4 gm. of hemoglobin a week, this figure of 28 gm. of hemo 
globin equivalent becomes a conspicuous figure, not as high as t < 
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SPLENECTOMY IN BILE FISTULA DOGS 


figure of Table 4 but far beyond any possibility of error in observation 
or technique. 

The third dog (31-73) ■was an adult male mongrel bull dog. The clinical stor>’ 
of this dog is the shortest of the three. He went into an acute cycle of bile pig- 
ment overproduction less than 7 weeks after operation and lived only 79 days sub- 
sequently. The periods of anemia developed verj’’ acutely and called for trans- 
fusions. Icterus was not noted until a few days before death. Food consumption 
was good and there was some gain in weight. In all 11 transfusions were given 
and the total grams of hemoglobin so introduced were 286 (Table 8). 

TABLE S 

Unexplained Pigment Surplus in the Spleuectomized Bile Fistula 


Dog 31-73. Basal bile pigment output 154 mg. per day. 


Bays of 
experiment 

Total bile pigment output 

Blood Hb. 
level 

Pigment lost 
gm. Hb. 
equivalent 

Pigment gained 
gm, Hb. 
equivalent 

“X” 

pigment 

surplus 

Total 

above 

control 

expressed 
as Hb. 

start 

end 

in 

urine 

from 

blood 

in 

blood 

trans- 

fusion 


ms. 

mg. 

gm. 

per cent 

per cent 


■1 



mm 

20 

11063 

7983 

200 

51 

66 






14 

1700 

-"456 

-11 

66 

101 


■ 



58 

17 

8110 

5492 

137 

101 

32 





2 

9 

4315 

2929 

73 

32 

73 


H 

80 

65 

88 

19 

16422 

13496 

337 

73 

36 


B 


113 

152 

79 

41610 

29444 

736 



736 

207 

178 

286 


Per day 

527 

373 

9.5 



9.5 

2.6 

2.3 


Bl 


Table 7 sho'ws a control period ■which is not adequate as probably the 
rise in bile pigments due to splenectomy had already started. The 
appearance of the pigment o'verproduction was unusually early and 
acute. We give as a base line bile pigment production 154 mg- per 
day but have a conviction that the true control level was nearer 
100 mg. Even with this high base line the excess of bile pigment out- 
put is extreme and on two occasions exceeds 1 gm. per day. There 
was a sharp drop in the blood hemoglobin which called for transfusions 
but the dog remained in excellent condition. 

Table 8 gives the usual summary for Dog 31-73. This type of ta e 
is explained under Table 4. The daily excess of bile pigment output 
above control is recorded as 373 mg. or the hemoglobin equivalent as 
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SPLENECTOMY IN BILE FISTULA DOGS 


Third dog ( 31 - 73 )— Tables 7 and 8 . 

n Jtertf a considerable 

blood --ialed ,d.h 

nallyorertemally. °'™ ™S‘”- There was no evidence ot bleeding into- 

Autopsy was done immediately after donf-b ■\xroii j i a 
in heart chamhpr<= All fi ^ were present 

hemorrhages in cavities were smooth and gUstening. No 

Hemorrhages. Tissues show only a slight icteric tinge. 

mutteceSjTilT’ 

Lungs: Normal in gross and histologicaUy 

Nori,*nivte 1 t°',"-°- ' as weU as histologically, 

tract ^ ° aining yellow pigment observed in any sections of the intestinal 

thfiZf'J," shows a regular architecture, ffirtefojiro/ly 

We „b * ‘‘“f ‘u° I”*""''* hver cells and here we notice many 

PivpQ a contain granular 3 'ellow pigment. Some of this pigment 

frp reaction for iron. The liver cells in the outer half of tlie lobule 

ive y norma , Between these two zones the liver cells in the central zone 
s ow conspicuous bile canaliculi filled with dark brown h3^alin material. Kupffer 
are numerous and large in all parts of the lobule. Bile ducts are all clean and 
orma oo ung. There is no evidence of any infection. Portal tissues show a 
lew mononuclears, some of which contain pigment obviously related to the phago- 
3 cs present in the liver lobule and in the hepatic l3^mph glands and represent a 
ransport of material from the liver through the l3TOphatics to the hepatic l3^mph 

g an s. o polymorphs are seen an3^where. No fat droplets can be stained 
within the liver lobule. 

^ Ktdwys. The left kidne3^ somewhat hypertrophied and pigmented. The 
ng t IS scarred at the site of the operative incision and about half normal size. 

isto ogical sections: The gall bladder epithelium within the renal pelvis is quite 
normal and retains its familiar characteristics. No evidence of infection. Some 
p iagoc3''tes contain old blood pigment. The kidney parench3^ma is normal his- 
to ogicaU3^^ The convoluted tubules within their epithelium show coarse 3"cllow 
pigment as in the other cases. It gives no stain for iron nor for fat. An occasional 
cast is seen in a coUecting tubule. Glomeruli normal. Urinary bladder normal. 

Lymph nodes: The hepatic lymph nodes are enlarged and deep brown in color, 
rather soft and moist. The retroperitoneal nodes are moderatel3’’ enlarged and 
light brown in color. Other l3’’mph nodes are normal. The pigmented h^mph 
glands histologicall3'’ show many phagoc3des in tlie sinuses which contain pigment 
granules, some of which stain for iron. No marrow cells are observed but some 
phagocytes contain red cells. 

Bone marrow of the femora and humeri is dark red throughout. The tibiae 
contain a good deal of fat along with the red marrow. The bon3" substance is 
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SPLENECTOMY IN BILE FISTULA DOGS 

the &al analysis as both bile pigment and the pyrrol aggregate con- 

“SI"*' 
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REMOVAL OF PROTEINS 


FROM NORMAL JOINTS 


MoL'Iacritcir intravenously at hourly intervals in four dogs. 

reiron and a precipUiu 

results obtained and shows tha7t? 'T™' ^ **■' 

lation of eve white h, t f accumu- 

five 1/ 6 Obt ued dilutions posi- 

ve. 1/16, obtamed m Dogs 3 and 4, 5 minutes after the injection of 



foUowine ““station of egg white in the blood strram 

^ *'>"■“5 «"> relative absonilion 

Irom passively exercised and unexercised joints. 


the egg white, agree quite closely with the theoretical concentration 
m the blood stream at that particular moment, as obtained from oil- 
cu ations. The rapid fall in the ne.xt 55 minutes is probably largely 
due to excretion through the kidney. This explanation is in accord 
with the finding of Opie (9) that egg white injected subcutaneously 
soon appears in the blood stream and shortly thereafter can be demon- 
strated m the urine. This rapid removal of foreign protein from the 
blood stream may well explain the inconsistent results obtained in 
later experiments, in some of which we observed no significant ap- 
pearance of egg white in the blood stream of either e.xercised or non- 
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REMOVAL OF PROTEINS FROM NORMAL JOINTS 


Before ladi nW ■ntravenously at hourly intervals in four dogs. 

Of blood was obtained and a precipitin 

r'dts 2 illusLtef the 

iXn of el u f f "" ‘ ‘I'O “onmu- 

dll ».tte arculating blood. The serum dilutions posi- 

tive, 1/16, obtained in Dogs 3 and 4, 5 minutes after the injection of 



f 1. The concentration of egg white in the blood stream 

o owing injection into the knee j'oint of 3 cc., showing the relative absorption 
irom passively exercised and unexercised joints. 


the egg white, agree quite closely with the theoretical concentration 
in the blood stream at that particular moment, as obtained from cal- 
culations. The rapid fall in the next 55 minutes is probably largely 
due to excretion through the kidney. This explanation is in accord 
with the finding of Opie (9) that egg white injected subcutaneously 
soon appears in the blood stream and shortly thereafter can be demon- 
strated in the urine. This rapid removal of foreign protein from the 
blood stream may well explain the inconsistent results obtained in 
later experiments, in some of w^hich we observed no significant ap- 
pearance of egg white in the blood stream of either exercised or non- 
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REMOVAL OP PROTEINS FROM NORMAL JOINTS 


one of the blood samples from either dog gave a positive precipitin re- 
action after the intraarticular injection. It is further seen that the 
egg white appears in the thoracic duct lymph of the exercised dog in a 
significant dilution (1/16) in 30 minutes and thereafter rises rapidly, 
being detected in a dilution of 1/512 at the end of 2 hours. No trace 
of egg white was detected in the lymph collected from the unexercised 



Fig. 3. Experiment IV. The concentration of egg white in the blood strean' 
and thoracic duct lymph following injection into the knee joint of 3 cc. In tins 
case, the leg of the unexercised dog was not massaged. 

dog. From these experiments we conclude that proteins sucli as are 
contained in egg white are removed from the joint only by way of the 
lymphatics and if all connections between the l 3 mphatic and vascular 
systems are eliminated, none of the injected protein will appear in the 
blood stream. We also believe that this t 3 ^pe of experiment demon- 
strates very clearly the importance of exercise in the removal of pro- 
teins from a normal joint. 
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ments, where the lymphatics were not tied' ff” P^'^^^ding experi- 
white in the blood stream must represent a ^PP^arance of egg 
lymphatics to their point of entro ^ ? I tie 

F urthermore, the apparent staiTp t f ® the neck. 

ics of the non-massaged unexerciq^T i° ^ ®®^^^^^teinthelyniphat- 
of the inconsistencies in the first ^ ^^°^eis further explanation 

the appearance of ega white in ft, i ^'^P^^^ents dealing with 
PeriiRents, no ^ 

Jeg. Therefore, we can further assage either the abdomen or 

in the thoracic duct Itonnh in ^ ^ amount of protein 

knee joint is greatly increased inf,°®i “ me.Tercised injected 
y increased if the leg muscles are massaged. 

U.a 

the egg wIuteufd^r^resMted ot™~^" experiments, 
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joint, as shown by its high concentration in l)Tnph (positive in a dilu- 
tion of 1/2,048), f hour after the intraarticular injection in the exer- 
cised dog and after 2 hours in the unexercised dog. In contrast, the 
pseudoglobulin fraction makes only a very slight appearance in the 



Fig, 5. Experiment VI. The concentrations of albiunin and globulin fractions 
of horse serum in tire thoracic duct bunph after injection into the knee joint of 
3 cc. undiluted horse serum. Concentrations in the serum showed no significant 
rise and are omitted from the chart. 

thoracic duct Ijnnph of both dogs. This appearance, furthermore, 
may be only apparent, because the serum used, while acting prepon- 
derantly against pseudoglobulin, showed also a noticeable reaction 
with albumin, due to incomplete separation of the two fractions, Be- 
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difficulty, if at all. The experiment also demonstrates the effect of 
exercise on the rapidity of removal of another protein, horse serum 
albumin. Finally, as shown by negative tests with the serum samples, 
horse serum albumin resembles the proteins in egg white in being re- 
moved from joints by way of the lymphatics alone. (See protocol, 
not on chart.) 

Experiment VI. {Fig. 5 ). — 

Dog 13, weight 21.8 kilos. 

9:20 a.m. Anesthetized with 0.87 gm. nembutal intraperitoneally. 

10:20 a.m. Control blood sample removed from right leg vein. L}Tnphatic 
trunks were then identified and tied off, and a cannula inserted into the thoracic 
duct. 

1:20 p.m. Control lymph sample secured. 

1 : 22 p.m. 3 cc. horse serum injected into left knee joint and leg exercised pas- 
sively throughout experiment at rate of 40 to 60 revolutions per minute, and abdo- 
men massaged. 

Collections of blood and lymph were made as before at 1:32, 1:53, 2:22, 3:22 
and 4:22 p.m. 

Dog 14, weight 33 kilos (pregnant). 

10:20 a.m. Anesthetized with 1.32 gm. nembutal intraperitoneally, Ijonphatics 
isolated and tied, and control samples obtained as with Dog 13. 

2 : 13 p.m. 3 cc. horse serum injected into left knee joint. This dog was kept 
perfectly quiet throughout. The abdomen was massaged, as well as the left leg, 
with care taken not to move the joint. 

Collections of blood and lymph were made similarly at 2:23, 2:43, 3 : 13 , 4:13 
and 5:13 p.m. 


DISCUSSION 

Besides the rich subsynovial vascular supply, every joint has a simi- 
lar system of lymph spaces. Magnus (11) has demonstrated that 
these spaces have no open connection mth the joint cavity through 
“stomata,” but are separated in every case by cells of mesenchymal 
origin, embedded in a matrix or ground-substance. Any passage into 
the lymphatic system from the interior of a joint, unless, as in the case 
of particles, mediated by phagocytosis, must then take place either 
through cells or intercellular substance. Since the lymphatic system 
is probably one of closed tubes (Drinker and Field, 1932), the lym- 
phatic endothelium must also be passed in a similar manner. The 
last experiment described indicates that horse serum albumin readily 
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2. Another confusing factor whose importance has been recognized only in 
recent years is the part pla 3 fed by absorptive processes in the function of the renal 
cells, yet the operation of such processes would make it impossible to decide how 
much of any observed structural change might be due to the intake or to the out- 
put of material into the urine. 

3. Another almost insurmountable dilEculty has been alwaj's present in that the 
kidney to be examined in tlie experiment was alreadj’’ in a certain functional state 
whose possible effects had to be distinguished from those supposedly produced by 
the experimental procedure. Various means were taken to put the kidney at rest 
before the experiment, but these could in their turn only be based on the hj'pothe- 
tical assumption as to what normally produced secretory acthdty. Moreover, 
it is quite possible that some of these procedures, such as fasting, may have pro- 
duced structural alterations in themselves, with a resulting further confusion in the 
experimental results. 

4. The e.xperiments of the past were all conducted on the living animal and in 
many cases considerable time elapsed during their course. It will be easily recog- 
nized that with such a responsible organ as the kidney the animal itself acts as a 
sort of independent and not necessarily cooperative agent in the procedure and the 
part it pla 3 '^s may well defeat the entire purpose of the experiment since the in- 
vestigator is easily deceived b 3 ’- a cliange in its conditions that have thus arisen 
unknown to him. 

5. Dependence in all the investigations of the past has been placed almost solely 
on morphological evidence. Granules were found in rows near rods and there- 
fore were assumed to have arisen from the rods. It is obvious that the only accu- 
rate statement of such a conclusion is that it looks as if tliey might have done so. 

That the writers believe these severe criticisms of previous investi- 
gations have arisen from the unsatisfactory state of knowledge of the 
times, will be evident when it is pointed out that all of them may be 
directed toward certain of the investigations of the senior author (3). 
But very considerable advances have been made, especially those 
which have come from the introduction of new methods, notably direct 
visual examination of the kidney as devised by Richards (6) and per- 
fusion as adapted to the frog’s kidney by Hoeber (7). The investi- 
gator is now able to again examine the problem in a new light. 

The following pages describe an attempt made with what may be 
considered another new method. This method combines a morpho- 
logical and a physiological examination of the activity of the isolatcc 
perfused kidney, using histological methods for the former purpose anc 
a modification of Hoeber’s method for the latter. As a result both 
the structural and functional aspects of the response of the tissues to 
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Bouin’s and 10 per cent neutral formalin in 0.9 per cent salt solution were used and 
as a stain Delafield’s hematoxylin and eosin. For the preservation of the mito- 
chondria and other granular structures of the cells Kolster’s method of fixation 
was found most satisfactor 3 ^ Bensle 3 ^’s fluid in our experience was less certain in 
its results. For staining the mitochondria and granules a method which is essen- 
tially the original Altmann procedure was used; this was supplemented by theflens- 
ley method. For special purposes the Gram-Weigert stain was also used on tissues 
fixed by all the methods described above, and formol-Zenker fixation for the per- 
manent fixation of neutral red in the tissues and subsequent embedding in paraffin 
and preparation of permanent sections (12). 

Beside the common methods of fixation and staining other morphological proce- 
dures were used. The simplest of tliese was the examination of the fresh tissues. 
Small bits of tissue from the kidne 3 " were teased on a slide in Locke’s solution and 
then crushed between cover-glass and slide with a twisting motion. Anotlier 
valuable procedure in the morphological examination of certain problems was 
supravital staining with neutral red and Janus green. Vital staining of the kid- 
neys with neutral red was also emplo 3 ^ed. The details of the use of these d 3 ‘es will 
be given later. 

Another method of staining the living tissue may be termed ‘*extravital stain- 
ing.” The d 3 ^e, either neutral red or Janus green, w\as added to the perfusion fluid 
after tlie normal function of tlie kidne 3 ’'s had been established and the cells of tlie 
tubules then stained themselves while actualty functioning, a form of stainuig 
which can be called neither supravital nor vital staining. 

Material from all the various vitally stained tissues was examined in the fresh 
condition as described above. Preparations from all were also fixed in formol- 
Zenker’s and Kolster’s fluid and permanent sections made from paraflin-embedded 
tissues. 

The Perftcsion Method , — The details of the method of perfusion of the isolated 
kidneys have been previous^ given (9). It is based on Hoeber’s (7) modification 
of the Barkan, Broemser and Hahn (13) technique by which isotonic Locke’s solu- 
tion containing 0.025 per cent sugar and a small amount of gl 3 '’Cocol maintaine 
at a pH of 7.5 is perfused through the kidneys from separate containers b 3 '^ both 
the renal arteries and the renal-portal veins. The urine is collected from ea ^ 
kidney in a cannula. The urine formed by the procedure, when successful, is 
sugar-free, its electrolyte content is less than one-half that of tlie perfusion flui 
and tlie rate of its excretion is comparable to tliat of the formation of urine by t e 
living frog. If mea or d 3 ^es, such as phenol red or neutral red, are added to t ic 
perfusion fluid the 3 " are concentrated in the urine. The methods of determination 
of the constituents of the urine in the e.xperimentation to be described were as fo * 
lows: Benedict’s method for sugar, eIectrol 3 ^te content by the Christiansen ionom- 
eter, the results being expressed as an equivalent per cent of NaCl, and dye con- 
tent b 3 " the usual colorimetric methods. 

As a basis for the consideration of the experimental findings we must 
first describe the appearances that are found in the functioning rena 



W. BAUER, C. L. SHORT, AND G. A. BENNETT 


427 


the water outside the membranes gave no test for ammonia with Nessler’s reagent, 
the solutions were placed in sterile containers with a little chloroform and kept in 
the ice box. Several of the fractions showed bacterial contamination which was 
removed by means of a Seitz filter. 

Rabbits were immunized against the three fractions, as well as against whole 
horse serum according to the method previously used. As expected, precipitin 
tests after immimization failed to show entire specificitj'. The two globulin frac- 
tions demonstrated complete and equal cross-immunization. In the actual ex- 
periment, therefore, immune sera only against pseudoglobulin, albumin and horse 
serum were used. Titration of these against the antigens used in immuniz ation 
gave the results shown in Table I. 

From that table, it can be seen that the separation between pseudoglobulin and 
albumin Tvas incomplete, with the former containing enough albumin finally to 


TABLE I 


DIlutioD of antigens positive (with protein content 
in basic solutions in gm. per 100 cc,) 


Immune sera 

1 

Horse serum 
7.13 gm. 

1 

Pseud oglobulia 
1.81 gm. 

Albumin 

OJl gm. 

1. Against horse serum 

1/20,000 

1/20,000 

1/20,000 

1/1,000 

1/1,000 

1/10 

1/100 

1/100 

1/1,000 

2. ** pseudoglobulin 

3. ** albumin 



immunize the rabbit slightly against it. We may assume the albumin fraction 
nearly free from pseudoglobulin, however, with the slightly positive reaction (1/10) 
gained with the albumin immunized rabbit serum explained on the alb\imin con- 
tamination of the pscudoglobulin fraction used as antigen. 

As shown in the protocol (Experiment \T), this experiment was carried out like 
the two preceding ones, ^vith horse scrum containing 7.13 gm. of protein per 100 
cc. injected into the knee joint of dogs prepared by t>dng off the hmphatics as 
they enter the veins of the neck; then control blood and l>mpb samples were taken. 
Again one knee joint %vas exercised and one kept quiet, although the leg was mas- 
saged. Precipitin tests were done on samples of blood and l>Tnpb removed at 
intervals, using the three immune sera described above. 

Fig. 5 shows the relative appearance in the thoracic duct Ijmph of 
the tw’o fractions. For the sake of clarity, the reactions vrith the 
rabbit scrum immune to horse serum are omitted, but are contained in 
the complete table in the protocol and serve to confirm the data on the 
chart. The first point which the diart dearly demonstrates is the 
rapidity and case of the removal of the albumin fraction from the 
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the protoplasmic structures is seen only in Segment II of the tubule. 
The difference in the appearance of these- cells is due to a change in 
the relative amomits of filamentous and granular material present in 
the cells. Our problem now is to connect if possible this structural 
variation with some variation in the functional activity of the cells. 

The first step in such an attempt is to determine if the changes are 
concomitant with some functional state. Two such states must be 
considered; first, absorptive activity, which includes the absorption 
of the normal constituents of the glomerular filtrate, such as water, 
sugar and salt; and secondly, secretion, as may be evidenced by the 
elimination of neutral red by the cells. 


The Absence of Effect of Certain Absorptive Processes upon the Fila- 
mentous and Granular Material of the Cell 


It is possible by means of the extravital method to cause a kidney 
to function so that no secretory processes are involved in its activity 
though absorptive processes are actively at work. If the kidney is 
perfused with a Locke’s solution which contains only simple salts and 
sugar, such a condition is established, for abundant evidence has 
shown that these substances are eliminated as a filtrate from the 
plasma by the glomeruli in about the same concentration as exists in 
the plasma or perfusion fluid. 


A frog was pithed and prepared for perfusion in the usual way e.^cept that the 
left kidney was removed in such a manner as to leave all the cut vessels ligated. 
It was then fixed in the usual reagents. The other kidney was now perfused for 
hours with Locke’s solution. Table I shows the functional findings. It wi 
be noticed that from the urine about two-thirds of the total salt content and a 
of the sugar of the perfusion fluid had been removed. Other tests would have 
shoavn that water as well had been absorbed. 

When the histological appearance of the right perfused kidney by the Ko ster 
Altmann metliod was compared to tliat of the left or unperfused organ, no 
ences in the granulofilamentous material v’ere found. In the broad Segment o 
botli the unperfused (Figs. 4 a, 4 i) and perfused (Figs. 5 a, 5 b) organ the cells n 
filled with long tortuous filaments which extended from the basal membrane to c 
apex of the cell. Few granular bodies could be foxmd. The cells of the 
IV were filled with their short rodlets in sections from both kidneys (Fis- 
The neck of the tubule and the glomeruli showed no significant differences exccp 
for the presence of red blood cells in the capillary loops of the tufts of the unpe 
fused kidney. 
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fixed in the usual solutions, and neutral red in a concentration of 1.25 mg. per 100 
cc, was added to the Locke’s solution in the bottle supplying the tubular apparatus 
of the right kidney through the renal-portal venous system. There began an 
elimination of the dye which reached a rate of 1.0 mg. per hour in the third period. 
The right kidney was removed after two more periods and fixed. Sections of 
each kidney were stained by the Altmann method. The contrasting pictures are 
shown in Figs. 6 a, 6 b and 1 a, 1 h. 

The left kidney which had been perfused with clear Locke’s solution, and which 
had therefore no material to secrete, showed the filamentous appearance in the 
cells of the broad Segment II that has been previously described. Long tortuous 
threads filled the protoplasm and only very rarety could a definitely round granular 
object be found (Figs. 6 a, 6 b). The remaining divisions of the tubules showed 
the appearance that has been previously given. 

TABLE II 


Secretion of Neutral Red by the Kidney 


Time 

Arterial flow i 

Venous flow 

Urine 

volume 

Neutral red 

Salt in per- 
fusion fluid 

Sugar 

10:45-11:00 | 

cc. per hr. 

400 

cc. per hr. 

600 i 

cc. per hr. 

6,0 i 

vig. per hr. 

per cent 

40 1 

0 

1.25 mg. neutral red in 

Left kidnej^ removed 

100 cc, Locke’s solution to tubules of remaining kidney 

11:30-11:45 j 

440 

500 

I 7.2* 

\ 0.63* 

40 

1 0 

11:45-12:00 

560 

500 

! s.o 

' 1.00 

40 

0 

12:00-12:15 

440 

500 

' 6.8 

0.85 

40 

0 

12:15-12:30 

440 

600 

6.4 

0.72 

45 

0 


* Calculated as output of two kidneys 


An entirely different picture was found, however, in the kidney which had been 
perfused with neutral red and which had secreted this substance into the urine. 
The dye by gross examination was seen to have evenly permeated the organ an 
sections of it showed a marked change from the appearances noted in the non 
secreting kidne3^ In every cell of practically every Segment II no filaments cou 
be found whatsoever, for the protoplasmic body was now distended with large 
round granules. In man}’' instances they were crowded so closely together as to 
leave no intervening substance visible between them and so closely surroundcQ 
nucleus as to obscure it (Figs. 7 c, 7 J). Yet in those sections where this granu ar 
appearance in Segment II was most extreme the cells of Division IV were s i 
filled by their short thick rodlets (Figs. 8 a, 8 b). The portions of the neck an o 
Division III contiguous to Segment II shouted a greater or lesser similarity to 
As in the previous series of experiments with clear Locke’s solution so in 
tests in w’hich neutral red was secreted, animals were found whose left hi ne>, 
perfused only by the dye-free fluid, show'ed a greater or lesser degree of the granu 
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The Changes Produced in the Isolated Orga7i by Extravital Stahiing with 

Neutral Red 

Since an important part of the present study is a comparison of the 
findings by different methods of staining, material from the same ex- 
periments described previously, in which the appearance demonstrated 
by the use of the Altmann method has been noted, was also examined 
as examples of extravital staining. 


In the experiment of Table II the remaining kidney at the end of the perfusion 
was found to be evenly stained b}'' the neutral red which it had been secreting. 
The organ was a deep mahogany red in color, striped by the faintly pinkish bands 
of its connective tissue and vessels. It was not swollen nor edematous. Small 
bits taken from various portions of the organ were teased apart and crushed uath 
a drop of clear Locke’s solution under a cover-glass. In such specimens the dye 
was contained in its greatest amount in the cells of Segment II. From here the 
distribution continued, depending on the degree of staining, towards the neck of 
the tubule and downwards towards Segment IV with its rodlet cells. The former 
might contain a considerable amount of dye; the latter was free except for such 
diffuse staining as may be seen in any tissue that has been long in contact mtli a 
dye. The glomeruli contained no dye except for an occasional isolated cell of the 
clasmatocyte group within the tuft whose irregular protoplasm was filled witli dye 
vacuoles. 

The dye, in whatever epithelial cells were examined, was in the form of round 
granules. In slightly filled cells these were scattered indiscriminately through the 
protoplasm but in densely filled cells so packed the protoplasmic body as to com- 
pletely obscure its detail. The nucleus lay as a clear round or oval area in the 
center of these clusters of granules and was unstained (Figs. 11, 12). 

The dye may also be studied in paraffin sections from tissues fixed in formol- 
Zenker’s and the same observations made. 


The term ^ ^granule” has been used to describe the round deeply staining struc 
tures chiefly because that term seemed most appropriate for the description o 
appearances in the fixed tissues stained by the Altmann method. To most, tii 
word ^^granule” holds the connotation of solidity and the term ^^vacuole” mig J 
therefore seem more appropriate for the appearances noted in the extraw 
preparation. That they are not vacuoles in the sense that they are cavities in t c 
protoplasm filled with free liquid dye is shown, however, by the fact that when ^ 
cell is crushed the}’' remain intact and float through the surroimding Lockes 
solution in w’hich the cell is suspended. The}'' remain discrete indefinitely an 
show little tendency to coalesce, their appearance being that of small droplets o 
red-stained semifluid material. For w^e may be sure that they are not solid su 
stance by means of a change similar to one described in vitally stained anima > 
Policard (2) that occurs in them as the preparation stands. This consists m 
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cell, clustering around the nucleus where they appear as short bacillary 
or vibrio-like objects. In neutral red extravital preparations they 
are never seen, for here all the stained objects are the definitely round 
large granulovacuoles. That these thread-like structures are indeed 
present and that they too may be stained extravitally is shown, how- 
ever, in the next series of experiments. 

The Changes Produced in the Isolated Organ by Extravital Staining with 

Janus Green 

The method of extravital staining with Janus green was identical with that used 
with neutral red. The perfusion was begun with clear Locke’s solution and after 
one or two samples were examined to determine if a normal condition of kidney 


TABLE m 


Action of Janus Green an the Kidney 


Time 

Arterial flow , 

Venous flow 

1 

Urine 

volume 

Bye 

Salt in per- 
fusion fluid 

Sugar 

1 

cc, per hr. 

cc, per hr. 

cc. per hr. 

Pig. per hr. 

per cent 


10:00-10:15 

400 

500 

6.0 

— 1 

45 

0 

1/500,000 Janus green in Locke’s to tubules of remaining kidney 

10:30-10:45 

400 

450 

6.0 

0 

1 45 

1 ^ 

10:45-11:00 

450 

400 

8.0 

0 

40 

0 

11:00-11:15 

500 

400 

! 10.0 

0 

45 

0 

11:15-11:30 

450 

1 

450 

7.2 

0 

45 

Tr. 


function had been established, the dye was added to the fluid in the bottle that 
supplied the tubular circulation. Janus green is a definitely toxic substance, so 
that a dilution of 1/500,000 was used. Another advantage of this dilution whose 
importance will be emphasized later is the specificity of its staining reaction. 
even with such a solution the kidneys showed evidences of damage after 2 or 
hours of perfusion so that the definitive experiments were limited to 1 hour or 
less. 

The results of such extravital staining with Janus green are shown in Table 
It will be observed that there was no serious disturbance in the function of 
organ, but the dye was not excreted. An explanation of this lack of secretion ^rl 
be considered later. 

In the gross, the kidneys w^ere unchanged except for their dark slate-green 
color. AATien examined in fresh crushed specimens many of the cells of Segm 
II appeared similar, save for color, to those from the neutral red kidney. 
cells contained the large green round granulovacuoles but when exarnined wi 
the oil immersion a striking difference from the earlier preparation wdth neu 
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taining the Janus green solution that had been supplying the tubules was now re- 
placed by one containing Locke’s solution with neutral red in a concentration of 
1.25 mg. in 100 cc. and the perfusion was continued for three more 15 minute 
periods with no serious impairment of any -function save that the elimination of 
neutral red was markedly depressed. The significance of this striking difierence 
from the profuse elimination of neutral red in the previous experiments can be dis- 
cussed more clearly after the results of the experiments of the following paper 
have been described. The organs were now examined and appeared grossly nor- 
mal except for their muddy brownish red-green color. 


TABLE IV 


Action of J amts Green and Ncniral Red on the Kidney 


Time 

Arterial flow 

Venous flow 

Urine 

volume 

Dye 

Salt in per- 
fusion fluid 

Sugar 


cc. per hr. 

cc. per hr. 

cc. per hr. 

ms. per hr. 

per cent 


10:45-11:00 

400 

760 

4.0 

— 

40 



1/400,000 Janus green in 

Locke’s to tubules 


11:00-11:15 

400 

760 

4.8 

1 ^ 

45 


11:15-11:30 

400 

800 

3.6 

0 

40 


11:30-11:45 

360 

760 

3.6 

0 

50 

1 Ft. tr. 

11:45-12:00 

400 ‘ 

760 

3.2 

0 

45 

Ft. tr. 


1.25 mg 

, of neutral 

red per 10' 

0 cc. Locke’s 

, to tubules 


12:00-12:15 

400 

740 

1 4.8 

: Tr. n. red 


Ft. tr. 

12:15-12:30 

400 

700 

4.0 

Tr. n. red 

45 

— * 

12:30-12:45 

400 

760 

4.4 

Tr. n. red 

40 

Ft. tr. 


A low power examination of fresh crushed specimens showed at once that there 
had occurred a mixed staining of the tissues with the two dyes. In some of 
sion II the cells were uniformly filled with either green or with red granules and in 
the former the bacillary mitochondria could be seen. In other tubules there was a 
mixed staining of individual cells. In some were red and green droplets in 
ing proportions indiscriminate^ scattered tliroughout the cell body. In su 
cases each droplet seemed to be stained purely with one or the other dye (Fig. W* 
Others though showing pure red and pure green granules also contained some o 
these bodies definitely stained with a mixture of the two d 3 ’’es which gave them a 
purplish slate-green color (Fig. 15). With all such appearances the fine gree° 
mitochondria might be found. Even the picture shown in Fig. 16 was observe 
where in a protoplasm filled with many green mitochondria only a few large neu- 
tral red droplets were present. 

The varied pictures seen in these preparations have but one inter- 
pretation; namely, that the granulovacuolar bodies which were 
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course impossible to perform elaborate tests with these less controllable 
methods. Enough of the salient features of the previous experiments 
can be observed with them however to afford conviction that the proc- 
esses that occur in. the handling of the dye are similar under the con- 
ditions that obtain in all three methods, vital, supravital and extra- 
vital. The findings that we give are in a summary form. 


Appearance of the Supravitally Stained Re7tal Epithelium 

Supravital Stahmig with Neutral Red , — ^Bits of fresh kidney tissue from killed 
animals were teased and agitated in a concentration of 0.25 mg. neutral red in 100 
cc. Locke’s solution. At intervals small portions were removed and examined 
in fresh crushed smears with Locke’s solution. The appearances in the cells 
can be summarized by the statement that they are identical with those we have 
described as a result of the extravital method. A few minutes after being placed 
in the dye solution red granules appeared in the cells of Segment II of the tubule 
which increased in number with time, so that in a short period, whose length de- 
pended apparently chiefly on the speed with which the dye could permeate the 
teased tissues, the protoplasm of the cells was filled with large round droplets that 
surrounded the unstained nucleus (Fig, 18). There was no staining of the mito- 
chondria nor were the rodlets of Division IV colored. This latter portion of the 
tubule was also free of the larger round granulovacuoles. In the vacuoles, espe- 
cially in the older preparations, the same small motile granule within the larger 
one was seen. In other words one cannot distinguish a fresh crushed specimen of 
such a preparation under the microscope from one from the previously described 
extravitally stained kidney. 

Supravital Staiuing with Janus Green . — ^Bits of kidney tissue placed in Lockes 
solution containing a 1/500,000 concentration of Janus green showed in the course 
of a few minutes dye within the protoplasm of their cells. The poor penetration, 
however, of Janus green as compared to neutral red was particularly noticeable in 
the supravital preparations. Only the cells of the tubules on tlie peripher}' of t e 
tissue masses were stained and these irregularly. The protoplasm of the cc o 
Segment II was filled with the fine bacillary mitochondria and among these vere 
scattered large round green droplets in greater or less number. As time 
the latter increased in number while the mitochondria decreased (Fig. IP)*^ ^ ^ 
the vacuoles there developed the small motile granule and the rodlets of Division 
IV of the tubule were stained a definite green. In specimens that had stoo o 
some time evidences of damage appeared. These consisted of irregulantics 
i and shape in both the mitochondria and the droplets and a greenish disco or 


size \ 


tion of the nucleus associated with pycnosis. 

Combined supravital staining with the two dyes was also done and the appe* ^ 
ances noted were entirely the same as in the combined extravital 
The double staining was accomplished by staining the tissues in mixtures o 
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extravital experiments. It follows that in the present instances the 
results of vital, extra- and supravital staining were essentially similar 
in their nature. 

DISCUSSION 

A summary can now be made of the structural changes that accom- 
pany secretion in the cells of Segment II and their significance can be 
appraised. 

The following facts have been established. 

1. Filaments and granulovacuoles are preformed protoplasmic 
elements of the renal cell. 

2. During the normal life of the animal the cells of Segment II show 
a wide variation in the relative amounts of these two protoplasmic 
structures. In any given cell there is a converse relation between the 
amount of filamentous and granular material. 

3. The principal absorptive processes that occur in the formation 
of the urine are not accompanied by variations in these structures. 

4. The extravital secretion of neutral red which has been shown to 
be identical in its processes with vital secretion, is accompanied by a 
disappearance of filaments and the formation of granulovacuoles. H 
the cells originally contain only the latter, no histological alteration 
accompanies the secretion of the dye. 

5. The granulovacuolar structures stain with neutral red during the 
secretion of the dye. This can be demonstrated either extravitally 
or vitally. 

6. The filamentous structures never stain with neutral red. 

7. The filaments do stain with Janus green. They also require bi- 
chromatization for their preservation and are soluble in weak acetic 
acid. 

8. The granulovacuolar material also stains with Janus green even 
from weak concentrations of the dye but does not require bichromati- 
zation and is not soluble in dilute acetic acid. 

9. The filaments are Gram-negative, the granulovacuolar struc 
tures Gram-positive. 

That the structural changes observed as concomitant with the secre 
tion of the dye play a part in the actual secretory process seems certain 
when one considers that the dye is concentrated within the cell in t e 
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plex of the mitochondrial material has occurred, with a consequent 
liberation of its constituent substances, so that each, now no longer 
bound and inert, reacts in its characteristic manner. The freed lipoid 
takes up neutral red while the protein element, insoluble in alcohol 
without bichromatization, reacts with the Gram stain hke fibrin. 

One might visualize the course of events in the secretory process 
already described somewhat as follows. Neutral red enters the cell 
from the blood vessel. Owing to its presence and to factors as yet 
undetermined the mitochondrial filaments disintegrate. One can 
think of many forces that might cause such a result, such as changes 
produced by the presence of the dye in interface surface tensions, 
osmotic pressure or diffusion currents. From the material of the dis- 
integrated filaments and as a result of constituent alterations, vacuoles 
are formed in which the dye being readily soluble is concentrated. 
Whatever vacuoles may be present from previous processes of secretion 
are also saturated with the dye. And here the description of the 
process of elimination must, for the time being, end, for no evidence 
whatsoever has been obtained as to how the dye passes from the vac- 
uoles into the Imnen of the tubule. This question will be examined 
in the succeeding article and the relation of our findings to those of 
previous observers will be discussed. 

CONCLUSIONS 

1. The secretion of neutral red reproduces those variations which 
are observed in the mitochondrial apparatus of the renal tubule cells 
of animals living under native conditions. The tubular absorptive 
processes concerned with water, salts and sugars do not produce 
these effects. 

2. The changes in the mitochondria consist of both structural an 
constituent alterations. These have been shown to be not merel) 
phenomena concomitant with secretion, but a determining factor in 
one part of this process; namely, in the concentration of the dye within 
the cell. 
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devdopment ^vithm the granule of a smaller granule, a minute point-like or comma- 
shaped object which has all the appearance of condensed dye that has preciptated 
out of the dye content of the larger granule. The smaller object is us^lly affected 
by Brownian movement and may be seen twisting and turning wi e rger 

granule, coUiding with its inner surface and rebounding into the center agam. 
This active movement proves that the substance of the granule proper must be at 
least semifluid, so, with our previous determination that its substance is immiscible 
with water and from what we know of the solubility of neutral red the assumption 
that the granule is a droplet of hpoid material becomes extremely plausible. In 
one sense, therefore, the structure is a vacuole but in order to ^mtam the concept 
that fits the appearance in the fixed tissues so weU and winch has b^n used almost 
entirely by those who have previously studied such material we shaU use the terms, 
“granule,” “vacuole” and “droplet” as s3nionyms- 

The question now presents itself as to the exact relation of these 
extravitally stained vacuoles and the large round granules which have 
been described in the Altmann preparation of fixed tissue from the 
extravitally stained kidney. Since we know from the examination of 
fresh tissues that the granules of the fixed tissues are preexisting ob- 
jects a glance at Figs. 7a, 7b and 11, 12, which are from the same kidney 
stained by the two methods, will show that the extravitally stained 
objects and the Altmann-stained granules are certainly the same forma- 
tions. Apart from the similarity of their appearance there would not 
be space for two preexisting different sets of such structures to exist 
side by side within the limited room of the ceU body. The granule of 
the extravitaUy stained kidney can therefore be considered a semi- 
fluid lipoid droplet deeply stained with neutral red which when fixed 
is preserved and stainable by the fuchsin of the Altmann method. 
It would seem reasonable to extend this conclusion to include in the 
same category the unstained granules seen in cells of the lix-ing animal 
which resemble identically by the Altmann method the objects seen 
in the extravitally stained neutral red experiment. Supporting evi- 
dence of this identity will appear later. 

In the description of the kidney stained extrax-itally with neutral 
red there has been no mention of filaments within the cells. It J, 

true that thesestructures have disappeared, at le^t in theirlong thread- 
like form, with the occurrence of sccretoiy activity and the dei-elop. 
ment of the granules but, as pre\'iously described for the .-Mtinann 
preparations, portions of them always remain in the lower pari of ihj 
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plex of the mitochondrial material has occurred, with a consequent 
liberation of its constituent substances, so that each, now no longer 
bound and inert, reacts in its characteristic manner. The freed lipoid 
takes up neutral red while the protein element, insoluble in alcohol 
without bichromatization, reacts with the Gram stain like fibrin. 

One might visualize the course of events in the secretory process 
already described somewhat as follows. Neutral red enters the cell 
from the blood vessel. Owing to its presence and to factors as yet 
undetermined the mitochondrial filaments disintegrate. One can 
think of many forces that might cause such a result, such as changes 
produced by the presence of the dye in interface surface tensions, 
osmotic pressure or diffusion currents. From the material of the dis- 
integrated filaments and as a result of constituent alterations, vacuoles 
are formed in which the dye being readily soluble is concentrated. 
Whatever vacuoles may be present from previous processes of secretion 
are also saturated with the dye. And here the description of the 
process of elimination must, for the time being, end, for no evidence 
whatsoever has been obtained as to how the dye passes from the vac- 
uoles into the lumen of the tubule. This question will be examined 
in the succeeding article and the relation of our findings to those of 
previous observers will be discussed. 

CONCLUSIONS 

1. The secretion of neutral red reproduces those variations which 
are observed in the mitochondrial apparatus of the renal tubule cells 
of animals living under native conditions. The tubular absorptive 
processes concerned with water, salts and sugars do not produce 
these effects. 

2. The changes in the mitochondria consist of both structural an 
constituent alterations. These have been shown to be not merel> 
phenomena concomitant with secretion, but a determining factor in 
one part of this process ; namely, in the concentration of the dye within 
the cell. 
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red was noted. For besides the large round green granules there were found in 
those parts of the cell where the protoplasm was not occupied by them fine thread- 
like dark green bacillary objects (Fig. 13). Another difference from the neutral 
red staining was noted in Segment IV. In the Janus green extravital preparations 
the short thick rodlets were definitely stained distinct green. There were, however 
no large green vacuolar formations in this division of the tubule. 

The staining of the thread-like bodies with Janus green together with 
their reaction with bichromate and their appearance when stained by 
the Altmann method leaves no doubt that these objects can be con- 
sidered mitochondria in the strict and modem sense of the word. 
The same is tme for the rodlets of Division TV. That these filamentous 
mitochondria have disappeared in great part from the cell bodies of 
Segment 11 of kidneys actively secreting neutral red and that they 
only persist in those portions of the protoplasm that are not occupied 
by the large droplet formations is worthy of especial note. 

The nature of the large droplets in the Janus green extravital prepa- 
rations is less certain, however, for they have all the appearance, save 
color, of the objects seen in the kidney stained extravi tally with neutral 
red, and mitochondria do not stain with this dye. Our next problem 
must be, therefore, to determine whether these structures in the Janus 
green preparations are indeed the same objects seen in the neutral red 
preparations. 

All the morphological s imil arities we have mentioned are strong pre- 
sumptive evidence that the large round green bodies of Janus green 
extravital staining are identical to the red ones of neutral red extra- 
vital staining. StiU one might demur to such a conclusion with the 
suggestion that in the former case the droplets have arisen as a result 
of some specific or toxic action of the Janus green. The extravital 
method allows us, however, to answer this objection in a decisive 
manner for it can be shown conclusively that the two appearances are 
1 e same object stained by one or the other dye. 

The Changes Produced in the Isolated Kidney by Combined Extravital 
Staining with Janus Green and Neutral Red 

^ ^ rapidly acting dye than Janus green the latter 

^^hule of the kidney in a dilution of 1/400,000 in the manner 
creent fo' Table IV shows the results. For 1 hour a urine normal 

le appearance of faint traces of sugar was obtained. The bottle con- 
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liberation of its constituent substances, so that each, now no longer 
bound and inert, reacts in its characteristic manner. The freed lipoid 
takes up neutral red while the protein element, insoluble in alcohol 
without bichromatization, reacts with the Gram stain like fibrin. 

One might visualize the course of events in the secretory process 
already described somewhat as follows. Neutral red enters the cell 
from the blood vessel. Owing to its presence and to factors as yet 
undetermined the mitochondrial filaments disintegrate. One can 
think of many forces that might cause such a result, such as changes 
produced by the presence of the dye in interface surface tensions, 
osmotic pressure or diffusion currents. From the material of the dis- 
integrated filaments and as a result of constituent alterations, vacuoles 
are formed in which the dye being readily soluble is concentrated. 
Whatever vacuoles may be present from previous processes of secretion 
are also saturated with the dye. And here the description of the 
process of elimination must, for the time being, end, for no evidence 
whatsoever has been obtained as to how the dye passes from the vac- 
uoles into the lumen of the tubule. This question will be examined 
in the succeeding article and the relation of our findings to those of 
previous observers will be discussed. 

CONCLUSIONS 

1. The secretion of neutral red reproduces those variations which 
are observed in the mitochondrial apparatus of the renal tubule cells 
of animals living under native conditions. The tubular absorptive 
processes concerned with water, salts and sugars do not produce 
these effects. 
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amount. The filaments are replaced by large granulovacuoles and no filaments 
are visible. Figs. 8 a and 8 h show the unaltered rodlets of Segment IV from the 
same kidney. 

Figs. 9 a, 9 10 a, 10 h and 10 c. Effect of the secretion of neutral red on cells 

of Segment II which originally contained a mixture of fiilaments and granules. 
Experiment of page 443 . Kolster-Altmann procedure. Figs. 9 a and 9 h show the 
condition of the cells of Segment II of the kidney removed before the secretion of 
neutral red. Many filaments and a certain number of granules are seen. Figs. 
10 a and 10 i show similar cells from the otlier kidney which had been perfused 
with and which had secreted neutral red. The filaments have entirely disappeared 
and the cells are filled with large round granules. Fig. 10 c shows the rodlets of 
Segment IV unchanged. 


Plate 30 

All figures, except No. 17, are of fresh preparations of unfixed tissue suspended 
in Locke’s solution. 

Fig. 11. Extra vital staining with neutral red. Experiment of Table I. A por- 
tion of Segment II whose cells have retained their normal position in the tubule. 
They are filled with granulovacuoles of neutral red. The nuclei are unstained. 
Magnification X 390. 

Fig. 12. Extra vital staining with neutral red. An isolated cell from Segment II 
of the same kidney. Clustered around the nucleus are granulovacuoles of neu- 
tral red. Compare the appearance with that of the same tissues after the Kolster- 
Altmann procedure (Figs. 7a and 1b) and after Bouin fixation and Gram-Weigert 
staining (Fig. 23) and Zenker fixation and Gram-Weigert staining (Fig. 24). 
Magnification X 1200. 

Fig. 13. Extravital staining with Janus green. Unfixed cell from Segment II 
of the kidney of the experiment of Table III. The large granulovacuoles of Janus 
green are seen as well as the fine bacillary thread-like mitochondria. Note that 
in this and the following figures mitochondria occur only in parts of the cell free o 
granulovacuoles. Magnification X 1200. 

Fig. 14. Extravital staining witli both neutral red and Janus green. Experi- 
ment of Table IV. There is an indiscriminate mixing of red and green granu cs 
throughout the protoplasm of the cell with a few scattered mitochondria. Magni- 
fication X 1200. - 

Fig. is. The same specimen and procedure. Another cell from Segment 
shows red and green vacuoles as well as some which are stained with a mixture 
the two dyes. This mixture is represented for purposes of reproduction as a 
stipple whereas in fact the admixture of dyes produces an even greenish brown tone. 

Magnification X 1900. ^ 

Fig. 16. The same specimen and procedure. Many fine bacillary forms o 
mitochondria stained with Janus green are visible. All of the granulovacuo ar 
bodies are stained with neutral red. Magnification X 1200. 
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vacuoles. The same specimen with the Altmann stain is shown in Figs. 2 a,2h 
Magnification X 525. 

Fig. 26. Segment II of another normal untreated animal. Kolster fixation, 
Gram-Weigert stain. No Gram-positive granules are visible, as the cells in this 
instance are fiUed xvith mitochondrial filaments. Compare Figs. 1 a and 1 b, 
a section from the same block stained by the Altmann method. Magnification 
X 525. 
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EXPLANATION OF PL.ATES 
Plate 28 

Magnification of photographs X 525; of drawings X 680. 

Figs. 1 a to 3 a, and \ b to Z b, tubules from two animak living under native 
conditions, Kokter-Altmann procedure. Figs. 1 a and 1 b show Segment IT of the 
tubule. The celk arc filled with long filamentous structures. Figs. 2 a and 2 b 
show Segment II from another animal. Its celk are greatly swollen and filled 
with large round granules. Figs. 3 a and 3 b, from the same specimen as Nos. 2 a 
and 2 b, show sections of Segment IV^ The fiat celk are filled with hea\*y rod- 
lets. They contain no granules. 

Figs. 4 a, 4 b and 5 a, 5 b. The negative efiect of absorptive processes on the 
filaments of Segment II. Experiment of Table I. Kokter-Altmann procedure. 
Figs. 4 a and 4 b show the celk of the kidney removed before the perfusion was 
started, filled with long filaments and containing no large round granules. Figs. 
5 a and 5 b show the other kidney of the animal after 1 i hours perfusion with plain 
Lockek solution. Under these conditions absorption by the tubule celk of water, 
salts and sugar occurred, but no secretion of any substances. The cclk shovr no 
alteration from their previous condition. In the right part of Fig. 5 b Segment IV 
k seen with its unaltered rodlcts. 


Plate 29 

Magnification of photographs X 525; of dra wrings X 680. 

Figs. 6 a, 6 7 a, 7 />, S o and 8 b. The changes produced by the secretion 

of neutral red on the filaments of Segment II. Experiment of Table If. Kokter- 
Altmann procedure. Figs. 6 a and 6 h show the cells of Segment II of the kidney 
removed after the prcliminar>' perfusion with plain LocLcs solution that contained 
no secrclablc substances. They arc filled with long filaments and contain no 
granules. Figs. 7 c and 7 b show Segment II from the other kidney that was 
perfused v;iih neutral red and which secreted this substance in comId?r?,h!e 
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concentration in the cell we shall begin with this feature of the secre- 
tory process. 

The Determination of the Concentration of Neutral Red in the Tissues of 

the Secreting Kidney 

Experiments were performed in the manner described in the foregoing paper. 
Neutral red was perfused through the venous circulation of the tubules while 
clear Lockers passed through the glomerular circulation. The urine was col- 
lected as usual in 15 minute periods and the dye content determined. After from 
3 to 5 hours, the experiment was stopped. The kidneys were then removed in- 
tact, freed of all adventitious tissues, dried by repeated blotting until no more 

TABLE I 


Concentration of Neutral Red in the Kidney Tissue from a Solution of Lodc^s 

Containing 1,25 Mg, per 100 Cc, 


Averape rate of secretion of 
neutral red over long period 
experiment 

Neutral red in kidney tissue 

Kidney tissue 
Concentration factor perfusion flmd 

mg. per hr, 

0.03 

mg, per 100 gm, 

411 

328 

0.03 

354 

283 

0.09 

782 

626 

0.10 

939 

751 

0.25 

2250 

1800 

0.30 

420 

336 

0.50 

261 

208 

0.60 

419 

335 

0.80 

446 

332 


fluid came from their dull surfaces and weighed. Each w’as then ground wi 
weak acid alcohol in a mortar until only a few bits of colorless fibrous^ tissue re 
mained. After centrifugalization the dye content in mg. per 100 gm. of kidney su^^ 
stance was determined colorimetrically and the concentration in the kidne} tiss 
as compared to that of the perfusion fluid calculated. Table I shows some 
the results. It will be seen that there were considerable variations in the 
tration of dye in the tissues. These may be explained by the vatying leng 
time of the perfusion and the efficacy of it which depends in turn on t e 
through the vessels. This flow varies considerably due to irregularities in 
tone. We need not, however, consider the cause of variations in the concentra 
process here but shall confine ourselves to points that immediately concern 
problem of the output of the dye. That the concentration in the cells is 
rectly concerned wdtli this essential phase of secretion is showm by the ac 
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in the last period when the cells were obtaining dye from the vessels is taken as 100 
per cent and the amount excreted in the latter periods when the cells were receiving 
no dye is expressed as a percentage of this amount. It will be seen that there was 
a rapid and progressive fall in the amount excreted which, after three or four pe- 
riods, reached a fairly constant level at about 5 per cent of the previous secretion. 
The first sample studied, collected 15 minutes after the change, cannot be con* 
sidered to indicate the amount of d3’'e obtained from the concentrating vacuoles 
alone, for immediately after the change to clear fluid was made there must have 
been a certain amount of dye free within the cells in the process of elimination and 
this was obtained in the first and perhaps the second sample collected. The im- 
portance of this fact will be referred to later. 


TABLE II 


The Conlribuiian to the Urine of the Dye Concentrated in the Kidneys 


Time 

Arterial flow 

Venous flow 

Urine 

volume 

Dye 

Salt in per- 
fusion fluid 

Sugar 


cc. per hfn 

cc, per hr. 

cc, per hr. 

per hr. 

per cent 



Tubules perfused with 1.25 mg. per 100 cc. Locke's solution 

11:00-11:15 

320 

400 

5.2 

0.34 

40 

1 

U 

11:15-11:30 

320 

400 1 

6.0 

0.32 i 

40 1 

0 

11:30-11:45 

320 

320 

7.2 

0.20 

40 

0 


! 

Clear Locke's to tubules of kidneys 


11:45-12:00 

320 

320 

1 6.0 

0.08 

— 

i 0 

12:00-12:15 

320 

400 

5.2 

0.04 

45 


12:15-12:30 

240 

320 

4.4 

0.02 

— 

0 

12:30-12:45 

240 

320 

4.0 

0.01 

— 


12:45-1:00 

240 

400 

4.0 

0.01 

45 

0 







— 


Concentration of dye in kidneys = 424 mg. per 100 gm. = 336 times concentra 


tion in original perfusion fluid. 


A confirmation of the small part played by the dye concentrate 
within the vacuoles in the actual output of dye into the lumen can e 
obtained in another way as the following experiment shows. 

The kidnej^s of an animal were perfused as described above with 
Locke's solution and the urine collected, the samples from each kidney being ' 
separate. After three IS minute periods had passed, the left kidney was 
with ligation of all the cut vessels and without disturbing the right kidne>. ^ 
bottle of dye-containing Locke’s that was now perfusing only the right ki nc) 
replaced with clear Locke's and the collections continued from this one kidney 
a minimum amount of d^^’e was excreted. The right kidney was now 
the concentration of dye in the two organs determined. A comparison s oVf 
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LoAeSS to Srs vS ^ As”thT ■T° 
bottle from tie vena ““b. 

Stained with dye. That such a baJl through the kidneys it was definitely 
occur to the iLg untoaTSs bee' “> “cod vesreb « - 

demonstrated (1) “<>. “ the case of urea, actualjy 
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urine at the ie^t ofsetfl*’ “ ‘1-= 

derived from th^tr ^ ^ , ordinary conditions can be 
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“mted t th " X toe ceU is 

for a certain f X ®'™“to™cuolar apparatus and thus withheld 

charXdXto tX" "'""toation and how much is directly dis- 
cnarged into the lumen of the tubule. 

A Factor That Determines the Processes of Cemeentraiwti and of 

EXiviination 

the dvp bpf factor which influences the distribution of 

into thp 1 in the vacuoles and direct elimination 

ollowW ' '^^“^centration of it in the blood stream. The 

following experiment illustrates this point. 

solution containin^^ animal were perfused through the venous S 3 rstem with Locke’s 
procedur^w! a 7 concentration of neutral red of 0.3 mg. per 100 cc. The 
III shows the LTlTi experiment iUustrated in Table II. Table 

ments was don * ° experiments. The next group of e.xperi- 

__en^s done m exactly the same way except that the dye in the solution going 

described thTf!n” raised that under the conditions of the experiments just 

lack of nassn f ° ^ vacuoles into the urine is due to a 

iWkf T. blood stream; that a continuous 

have shown th ^ necessary for its output. But our first experiments 

tion in thp vp ^ i i-^ continuous supplji and even with an increasing concentra- 
erelLrr/'r nevertheless falls, a fact to be emphasized by otier 

the dve from i ^ ° (Table V). So too it will be shown that the passage of 

such confimiJn phase to one less concentrated is not dependent on any 

g supply of dye to the concentrated phase (page 475). 
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under vital conditions for processes analogous to those just described. 
It is common knowledge that neutral red appears in the urine shortly 
after its injection into the blood stream of an animal and that it is 
concentrated in the kidney epithelium for some time, conditions which 
are essentially those described above as occurring in extravital kid- 
neys. We have tried, however, to obtain some quantitative data in 
regard to the relations involved in the living animal. 

A series of frogs were stained vitally by tlie repeated injection of 0.25 per cent 
solution of neutral red into their dorsal tymph sacs. After three injections the 
animals were anesthetized with urethane and a portion of the left kidney removed. 
All bleeding was stopped b}^ ligature, the wound was closed by sutures and the 
animals replaced in their tank. They recovered from the anesthetic and seemed 
entirely normal. The concentration of neutral red in the portion of kidney re- 


TABLE rv 


Conceniraiion of Dye iu Kidneys of Living Animal 


Original dye in kidney 

Bye in kidney after 20 hrs. 

Per cent remaining 

ms. per too gm. 

mg. per 100 gm. 


43.8 

2.4 

5.4 

36.1 

5.6 

15.5 

30.0 

5.6 

18.0 

25.7 

1.8 

7.0 

16.6 

7.2 

43.0 


moved was now determined as previously described. 20 hours later the anima s 
were killed and the d}^ content remaining in tlieir kidneys determined. ^ Th^ re 
suits are shown in Table IV. Altliough there is considerable variation it wi c 
noted that after 20 hours the slow elimination of tlie dye which had been concen 
trated in the kidney was continuing. 

It is apparent from the results of the experiments done so far 
the secretion of neutral red by the renal cells is not a single uni e ^ 
procedure but that its elimination must be divided into two ver} 
different processes which are independent to a large degree of cac * 
other. The first type of secretory process occurs only w'hen there is 
a considerable concentration of the d3'^e in the blood vessel, it occurs 
promptly and is of considerable amount. The second is a slow ong 
continued elimination which may proceed after the dye has compkl^ y 




the journal of experimental medicine VOL. 57 


plate 30 



20 



468 


CELLtTLAR MECHANISMS OF RENAL SECRETION. H 


^ Table V shows the flow through the vessels of the two systems and the elimination 
of water, salts and dye. It will be observed that there was a marked decrease in 
the secretion of the latter though the rate of salt and water secretion remained 
approximately constant.^ In this experiment the cause of the decrease in the secre- 
tion must be a local cellular one for the rate of flow through the blood vessek did 
not significantly vary and the concentration of d3’'e in them was constant. The 
spinal cord had been destroyed so that nervous effects were at a minimum. 

Is this local effect on some specific phase of the direct passage of 
the dye through the cells into the lumen and if so can we more accu- 
rately locate the site of the changes that produce it? The next experi- 
ment answers this question. 


TABLE VI 


Effect of Bichromate on Direct Secretion 


Time 

Arterial flow 

Venous flow 

Urine 

volume 

D3’e 

Salt in per- 
fusion fluid 

Sugar 


cc. per hr, \ 

cc, per hr. 

cc, per hr. 

wir. per hr. 

per cent 


10:15-10:30 

520 

800 

6.4 

— 

35 

0 

10:30-10:35 


15 cc. potassium bichromate to tubules 


10:45-11:00 

520 

600 

5.7 

— 

41 

Tr. 

11:00-11:15 

560 

800 

9.6 

— 

50 

+ 


i 1.25 mg, neutral red in 100 cc. Locke’s solution to tubules 

11:15-11:30 

560 

800 

12.0 

0.039 

52 

+ 

11:30-11:45 

520 

800 

10.4 

0.040 

50 

+ 

11:45-12:00 

520 

800 

10.4 

0.030 

52 

+ 


Concentration of d^^'e in kidne^^s 782 mg, per 100 gm, = 626 times concentration 


in perfusion fluid. 

A Specific Alteration in Direct Secretion as a Result of Inner Mevihranc 
Damage without Impairment of the Concentrating Processes of 

Indirect Secretion 

The kidneys were perfused as usual with clear Locke’s solution passing to both 
the tubules and the glomeruli. After urine formation was normally establis e , 

^ Such a gradual fall in the elimination of neutral red is almost constant!) ob^ 
served in any perfusion of the isolated kidney. It explains, for example, ^ 
marked differences in the rate of elimination of the dye given in Tables 
I. In the former the figures represent the average of the optimal direct ^ 
as found in the first periods of a perfusion, the latter the average of the ra C5^ 
elimination in longer experiments in which direct secretion had to a greater or 
degree fallen off. 
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phlgical methods. And here another advan age o the e.ttrav,tal 
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nation from its original figure has occurred during the course of a normal 
perfusion experiment. The findings of Gellhorn (4) and Sato (3) 
suggest that this decrease in passage of the dye might possibly be over- 
come by increasing the concentration of K ions in the Locke’s solution 
or by decreasing the Ca ions. The following experiment examines 
this point. 


The kidne 3 ^s were perfused in the usual way, with ordinary Locke’s solution con- 
taining neutral red in a concentration of 1.25 mg. in 100 cc. passing to the tubules 


TABLE VII 

Effect of K and Ca Ions on Direct Secretion 


Time 1 

Arterial flow 

Venous flow 

Urine 

volume 

Dye 

Salt in per- j 
fusion fluid j 

Su£:ar 


cc. per hr^ 

cc, per Ar, 

cc. per /;r. 

mg. Per hr. 

per cent 

.. t 


1.25 


CaCls = 0.02 per cent 


10:10-10:15 

400 

840 

7.0 

0.21 

40 

10:15-10:30 

420 

840 

6.0 

0.18 

40 

10:30-10:45 

440 

840 

6.8 

0.14 

40 

Neutral red as before, KCl = 0.015 per cent, CaCh = 

0.01 pe 

10:45-11:00 

400 

800 

7.2 

0.20 

40 

11:00-11:15 

440 

840 

8.0 

0.26 

45 

11:15-11:30 

400 

840 

7.2 

0.21 

40 

11:30-11:45 

400 

840 

6,2 

0.19 

— 

11:45-12:00 

400 

800 

6.0 

0.23 

— 

12:00-12:15 

400 

800 

5.7 

0.31 

45 

12:15-12:30 

440 

840 

6.0 

0.29 

— 

12:30-12:45 

400 

840 

6.0 

0.31 

— 

12:45-1:00 

360 

! 800 

6.0 

0.30 

40 

1:00-1:15 

320 

800 

4.0 

0.50 

— 

1:15-1:30 

320 

800 

4.0 

0.49 

45 


0 

0 

0 

0 

0 

0 


0 

0 

Tr. 


and clear Locke’s to the glomeruli. In such a solution the KCl concentration 
0.01 per cent and the CaCb concentration 0.02 per cent. Table VII 
results. It will be seen that as the perfusion continued there occurred a gra 
and progressive fall in the rate of elimination of neutral red from 0.2 1 to . 
per hour. When the rate of secretion of the dye had reached this last 
fluid in the bottle suppbdng the tubules was changed to a Locke solution contain 
an increased concentration of KCl, 0.015 per cent, and a decreased concent^ lO ^ 
CaCL, 0.01 per cent. The fluid contained the same amount of neutral red 
viously and its pH was not significantly altered by the changes in salt concen 
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the output of dye bears no direct relation to the concentration within the cell. 
As much or more dye was secreted per hour with a concentration in the cell body 
336 times that of the perfusion fluid as when the intracellular concentration was 
1800 times. And of the same significance is the observation that with a gradually 
increasing concentration of dye in the tissues, a fact that may be roughly deter- 
mined during the course of the experiment by gross examination of the kidney’s 
color, there may go a decreasing rate of elimination into the urine. 

The result of these findings indicates at once that the older concep- 
tion of secretion whereby concentration in the cell body was assumed 
to be the preliminary step and determining factor in the passage of the 
dye into the lumen of the tubule is far too simple. Output and intra- 
cellular concentration must be considered separately. Our first step 
was to determine how great a part the concentrating process in the 
granulovacuolar structures may play in the output of dye into the 
urine. 

The Coniribiiiion of the Conceniraiing Gramilovaaiolar Siructurcs io ihe 

Output of Dye 

In the perfused organ it is possible at the height of the secretion of' 
the dye to suddenly change the dye-containing fluid that is coming by 
way of the venous system to the tubules so that the cells are at once 
bathed with clear Locke’s which contains no dy’^e. It is evident that 
under such altered conditions any dye that is secreted after the change 
has been made, must of necessity be derived from that which has been 
concentrated in the cell. This amount compared to that which was 
being eliminated when the cells were receiving dye from fluid in the 
vessels in the period before the change, will allow us to estimate what 
part may be contributed by the concentrating process to secretion. 
The experiment was performed as follows: 

The kidnej's were perfused in the usual manner, neutral red passing onlv to the 
tubules. After three periods of fairly constant secretion of the dye the bottle 
containing neutral red that was supplying the tubules was repheed bv one con- 
taining the same dear Locke’s as n-as passing to the glomeruli. The connecting 
tubing and cannula c were flushed free of the <iyc~containing c’s so that in the 
course of 1 minute or less a change had been made and the tubules were rccciriu" 
no dye whatsoever. The collections of urine were continued for five or six periods^ 
I'hc details of a U^pical experiment arc sho^^m in Tabic II and the results of ^veraj 
arc illustrated in Text-fig. 1. In this chart the amount of neutral red exemted 
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dye concentrated within the vacuoles might have been liberated and 
thus have become available for elimination; or there may have oc- 
curred an increased permeability in the outer (vascular) membrane of 
the cell with a resulting entrance of more dye and hence greater passage 
of it through the cell. It is not necessary to discuss the probability 
of these possibilities, for the seat and method of action can be directly 
demonstrated by experimental means. 

TABLE vm 


Lack of Effect of K and Ca Ions on Inner {Limcn) Membrane 


i 

Time | 

1 

Arterial flow 

1 

Venous flow 

1 

Urine 

volume 

Dye 

1 

Salt in per- 
fusion fluid 

Sugar 


cc. per hr. 

cc, per hr. 

cc. Per hr. 

ms. per hr. 

Per c€n\ 



Tubules perfused with 1.25 mg. neutral red per 100 cc. Locke’s solution, KCl concentra- 
tion = 0.01 per cent, CaCls concentration = 0.02 per cent 


10:15-10:30 

500 

600 

9.0 

1.3 

40 

0 

10:30-10:45 

400 

500 

6.0 

1.0 

40 

0 

10:45-11:00 

400 

640 

8.0 

1.6 

— 

0 

11:00-11:15 

440 

640 

8.0 

1.3 

45 

0 

Clear Locke’s to tubules, KCl concentration = 0.015 per cent, CaCh concentration 

0,01 per cent 

11:15-11:30 

400 

' 600 

7.6 

' 0.56 

45 

1 u 

11:30-11:45 

400 

600 

7.6 

0.07 

— 

0 

11:45-12:00 

400 

640 

6.4 

0.05 

45 

12:00-12:15 

360 

640 

6.5 

0.01 

T 

0 

12:15-12:30 

360 

! 640 

5.8 

1 

0.01 

45 


The Site of Ion Action on the Cell Membranes 

To examine this question the method of experiment previously de 
scribed was used in which the intake of dye into the cells is sud en y 
stopped in the course of active secretion. In the present 
however, the perfusion after this stoppage was continued not wit ^ 
ordinary Locke’s but with this fluid so modified as to contain a ng ^ 
ratio of KCl/CaCL. The results of such procedure were then com- 
pared to the earlier experiments with ordinary Locke’s solution. 
tyrpical experiment was done as follows. Its results are shown 
Table VIII. 

The tubules of the kidney were perfused with ordinary Locke s solution^ 
taining the usual amounts of KCI in 0.01 per cent, CaCh iii ^ 
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existing between the amount of the dye that the two kidneys were secretbg at th- 
moment of their rcmo\-al; namely. 0.003 mg. per hour and 0.100 mg. per hour. 

Another phenomenon seen in this experiment should be noted although it does 
not concern the sccrctor>- process. The greater part of the dye that was remerved 
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membrane changes compared with the single process of concentration 
m the vacuolar structures, why the course of the direct secretion of the 
ye varies so markedly as compared to the relative stability in the 
operation of the indirect secretory process. 

The extreme stability of the indirect method of secretion under ad- 
verse conditions is a remarkable fact. Kidneys that are being per- 
fused with a solution of neutral red, though they not infrequently fail 
to eliminate neutral red in a normal manner, never fail to take up and 
concentrate the dye in their granule vacuolar system and to proceed 
with its slow indirect secretion. Why is the latter so markedly resist- 
ant to the effect of damage? 

The Degree of Stability of the Concentrating Processes of Indirect 

Secretion 

A reason for this marked resistance is shown in the following experi- 
ment. 


Kidneys were perfused in the usual manner with clear Lockers solution passing to 
both glomeruli and tubules. Table IX shows the results. After normal function 
was established, 20 cc. of 1/1000 corrosive sublimate in Locke’s solution was 
passed b}'' way of the veins to the tubules. Following this, neutral red in a con- 
centration of 1.25 mg. in 100 cc. \Yas added to the clear Locke’s solution supplying 
the tubules. As will be seen in the table ver}^ little dye reached the urine whicli 
was scanty in amount, high in salt and contained sugar. The perfusion was 
continued for six periods and the kidne^^s then removed. Their appearance \''ns 
strikingly different from that of normally stained kidne 3 ^s or from those which had 
been stained after small doses of potassium bichromate, for the}’’ were now a brick- 
reddish 3^ellow in color and very’’ firm in consistenc 3 ^ Fresh crushed specimens 
showed no evidence of vacuoles or an}’^ other granular or filamentous structures m 
the cells. The protoplasm was stained a definite 3 ’’ello\^^sh hue instead of the 
mahogany-red seen in the normal kidne 3 ’’s and even the nucleus was tinged by the 
yellow color. The appearance of these obvious!}’’ dead cells in fixed and staine 
sections was similar to that previousi}’’ described (5) as a result of sublimate under 
extravital conditions (Fig. 1). 

The appearance of the fresh tissue showed a definite shift tow’ards the alkalm^ 
side in the reaction of the d 3 ’’e within the cell but it did not appear from either grO|^ 
or microscopical examination that there had been an}’’ definite concentration o t 
dye above that which existed in the perfusion fluid. Howxver, when thekidnc}^ 
were weighed and the dye extracted, it was found that it was 18 times as concen 
trated in the dead kidney tissue as in the fluid w’hich had bathed the cells. 
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to the tubules was in the higher concentration of 1.25 mg. per 100 cc. of Locke's 
solution. The findings are ako shown in Table m. 

If the ratio of dye eliminated to the concentration of it in the vessels is com- 
pared in the two cases it is seen that a higher ratio of elimination is found with a 
high blood concentration than with a low one. On the other hand, the relative 
degree of concentration in the kidney is higher when the concentration in the ves- 
sels is low. This allows us to conclude that the concentration in the blood is one 
factor that determines howmuch of the entering dye is concentrated in thegranulo- 


TABLE m 

Effect of Conccniralion of Dye in Perfusion Fluid on Various Secretory Processes 


A%'eragc optimal direct secretioa* 
of neutral red 

Ratio: 

Rate of secretion 

Coaceatmtiem factor ia tidaey 
tissue 

Concentration in perfusion fluid 





Veriusion fluid = 0.3 rag. neutral red per 100 cc. 


0.018 

0.06 

1005 

0.023 

0.07 

140S 

0.030 

0.10 

1036 

0.019 

0.06 

1561 

Perfusion fi^uid = 1.25 mg. neutral red per 100 cc. 


0.60 

0.48 

335 

0.80 

0.64 

332 

1.1 

0.88 

20S 


i 

horx concen* ! 

ingh coacea- 


1 

tratioa of 

tratioa of 


! 

nrjtraJ red 

srut-al red 

Relative values of concentration of dye in perfusion fluid. . . 

1 

44- 

Average relative values of ratios of direct secretion 

1 

' 9-1- 

Average relative values of concentration factor in tissues 

3-f' 

; 1 


* A definition of the term direct secretion is gi%’en on page 467. 


\’acuolar bodies and how much is directly and immediately eliminated. Another 
factor which doubtlessly affects the amount of dye stored in the \’acuoles is the 
degree of their saturation with the dye. Unfortunately we have been unable to 
investigate this point for reasons that appear Later. 

The Dcrnonslration of Similar Conccnlraiing Processes during the 
Secretion of Neutral Red by the Lining Animal 

Though our prcxnous experience vrith the cxtrantal method has 
led us to believe that the actintics occurring under its conditions are 
similar to those occurring in the Imng animal, itscemeb^stto search 
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allowing a stream of CO2 to bubble through it. Under these conditions the dye 
was concentrated in tlie chloroform layer and passed into the inner fluid. 

How relatively efficient such physical models are as compared to 
the living cells is difficult to decide. It must be remembered that the 
indirect secretion of neutral red by living cells is at best a feeble proc- 
ess, and the great part that may be played by purely mechanical 
relations of the dye-containing fluid to the concentrating medium, 
chloroform, is shown by a simple experiment. If chloroform is shaken 
even gently with the alkaline dye-containing Locke’s, so, that it forms 



Text-Fig. 3 

isolated droplets (vacuoles) it concentrates within itself almost im 
mediately all the dye of the fluid. If this dye-saturated chloroform 
is now gently shaken with acid dye-free Locke’s solution the dye is 
almost instantly transferred to the aqueous medium. Sucli alterations 
in the physical relationships of the two phases make the mode an 
infinitely more efficient mechanism for the transference of tlie neutra^ 
red from one medium to the other than are the living undamaged rena 
cells. 


DISCUSSION 

The results of the experiments described in this and the 
studies may be considered in their general and specific aspects. 
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into the lumen of the tubule of the dye that has entered the cell from 
the blood vessel. This has been termed “direct secretion.” The 
mechanism which controls it is the variation that occurs in the perme- 
ability of the two cell membranes, the one lying adjacent to the blood 
vessel, the other contiguous to the lumen of the tubule. Each of 
these membranes may be affected independently of the other by dif- 
ferent factors. The permeability of the outer, or vascular, membrane 
depends on the balance between K and Ca ions of the fluid bathing it. 
The permeability of the inner, or lumen, membrane may be decreased 
by toxic substances such as potassium bichromate, without any sig- 
nificant change in that of the outer membrane. Depending as it does, 
therefore, on the reciprocal action of the two membranes that may 
function in the same or in an inverse sense, direct secretion is an 
easily disturbed process. Such disturbances account for the re- 
markably complex variations in the abnormal kidney’s activity tliat 
are observed with the damaged organ in the secretion of neutral red 
and the absorption of substances from the urine that we have de- 
scribed in a previous study (2). 

The other method of secretion has been called the indirect. It is 
characterized by the concentration of the dye within the cell to as 
much as 3000 times that of the perfusion fluid in the vessels. The 
elimination is a slow long continued process that in the living animal 
may be observed at least 20 hours after the original entrance of the 
dye into the cells. The distinctive mechanism concerned is an alter- 
ation in the mitochondrial apparatus of the renal tubule cells. These 
changes can be observed microscopically and consist of a disappearance 
of the filamentous mitochondria and the development from mitochon 
drial substance of large granulovacuolar structures which differ m 
their fixative and staining reactions from the original mitochon rm 
material although they still retain the characteristic reaction o 1 1 
latter to Janus green. One of the most striking of these differences 
is the Gram-retaining power of the granulovacuoles as ^ 

the Gram-negative quality of the filamentous mitochondria. ^ 
these changes are not simply concomitant with the concentration 
the dye, or the result of it, but that they are processes which determi 
in part secretion is evident from the fact that one of the changes 
the acquirement by the granulovacuoles of the property of stain 



Iban 


touad ^°md a a " “'^Cribed and J ab. 

,, ^onsi*^,; «i44?“”''=‘'t et' 

fiebj-L ^ (con. ^ of fh 

apparatus 4 ^^P's the n th 

change it^T h cn^^ th"^ 0 / 

°^^^rred at the ^cach fn 

tQ c JQ the abovp^^^ ^^Joiaiag tu^ tberef 

^ question son. ^^ea) 1 - lu^, ^^ve 

”" “ ‘pS'r 4';,7»-« a44®»«42- 

“atfifgj . Possifafb-f ^orane arp ^ie Pfi- ^^cred. 

""‘'{co/a ■ ‘'oftteA.j 

''«■•»" o/,„ "“'' "S,"" 

‘‘T an 



480 


CELLULAR MECHANISMS OF RENAL SECRETION. H 


pretation is correct is supported by the fact that in the combined 
extravital staining experiments after the perfusion of the kidneys with 
Janus green the direct secretion of neutral red was prevented, yet the 
indirect secretory process, both in its concentrating and eliminating 
phases, remained intact. 

As has been stated previously, under the usual conditions that fol- 
low the administration of neutral red to an animal, the two methods, 
direct and indirect, are concomitant and so blended in their results as 
to give the appearance of a single process of elimination. There are, 
however, variations in the relative part played by either process, and 
one factor which determines this is the degree of concentration of the 
dye in the blood vessels. With low concentrations in the blood stream 
the indirect method predominates; with high concentrations the in- 
direct, though present, is less marked while direct secretion is corre- 
spondingly active. 

These facts concerning the secretory activit}’" of the renal cells have 
been obtained by the study of the elimination of a substance foreign 
to the animal’s economy. The question arises as to what physiological 
substance may be handled by the kidney in a similar manner. It is 
certain that some must be so handled, for the morphological evidence 
of the occurrence of the indirect secretory process can be seen in the 
tubule cells of animals living under native conditions, and the existence 
of the elaborate mechanisms of direct secretion can hardly be recon- 
ciled with the assumption that, existing, they are not used. It has been 
suggested that certain substances, such as phosphates and uric acid, 
may be eliminated in part at least by the tubules rather than b) 
glomerular filtration and an examination of this possibility by the 
extravital method might seem a promising procedure. But the metho 
is not at present applicable to the problem, for as we have used it the 
exact conditions that obtain in the animals’ blood stream are not re 
produced. Such conditions are necessary to determine if a substance, 
bound perhaps in the blood of the living animal, may or may not filter 
through the glomerulus. We have called attention to this point in a 
previous publication (12). . 

Although the evidence here presented need not be discusse ja 
relation to the direct question as to what substances are eliminate in 
a similar manner by the living animal, certain indirect conclusion- 
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tions between the normal secretion and pathological changes in the 
cells are at present being examined by the extravital method. 

CONCLUSIONS 

1. The elimination of neutral red by the renal epithelium is a com- 
posite process, consisting of a direct and an indirect secretion. 

2. The mechanism controlling direct secretion is concerned with the 
permeability of the two cell membranes. These two membranes may 
be affected independently in the direction of either an increased or 
decreased permeability, wdth a corresponding increase or decrease in 
the elimination of the dye. 

3. The mechanism controlling indirect secretion is concerned with 
the mitochondrial apparatus of the cell. By means of cliange in the 
form and constituent substance of its structures, the dye is concen- 
trated within the cell and slowly eliminated. 

4. Direct secretion, depending on the condition of sensitive mem- 
branes, is easily disturbed. Such disturbances account for the wide 
variations in the elimination of dye observed in the functioning of 
abnormal kidneys. Indirect secretion, depending on the simpler 
factor of the solubility of the dye in the protoplasmic constituents, 
continues even wdien the cells are severely damaged. 
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and drying with the LS fa!, ' “» 

findings 

a sharp color differentiation is obtained. If dura- 

aZata starblf bacterial 

periphery of thf’ substance pale, purplish pint and the 

fftV n T -nembrane?) deep purpiish pint 

evef ahsnl!!'l capsules toward the stain is not, how- 

OccasSia I “T variations in result occur. 

But a<ia staining may be found on one slide, 

is seen ^ typ^s predominate, and often only one type 

nnciil specimen is overstained, the entire organism (soma, 

“embrane) may be dark purple, the 

° ^T. obscured if not entirely hidden and the 

capsule, as such, not distinguishable (Figs. 2 and 9). 

.• capsular membrane may be deep pink and the soma blue, 
y S c ween them the colorless or nearly colorless capsular substance 
^ appears as a clear space (Figs. 3—5). This is the way certain 
species (e.g. Clostridium tetani) almost always behave; only occa- 
sionally IS their capsular substance definitely stained. 

en the bacteria being studied occur in chains or segments the 
capsu ar partitions which separate the individual components may 
be stained all the way across the organism (Figs. 11, 17, 26, 34), or 
part way across (Figs. 1, 2, 7). 

, precipitation of stain may occur on the capsular mem- 

rane. The pink line of the membrane is thus either entirely obscured 
y purplish granules or it is to be seen, at the periphery of the cap- 
sular space, with granules lying upon it (Figs. 6, 7).= Sometimes the 
appearance suggests that the capsular membrane is, in places, missing; 
ut careful examination of these apparent gaps between granules will 

“The photomicrograph represented in Fig. 7 was deliberately made from one 
o t e poorest fields in the specimen in order to show individual bacteria with 
granular deposit on the bacterial membranes. In the specimens of this organism 
as usua y stained and indeed in other fields of this particular slide capsular stain- 
ing was exxellent and the pneumococci looked like those shown in Fig. 1. 
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Facts of these kinds have taught us to be extremely chary about 
concluding that because capsules have not been stained they are not 
present, any more than one would jump to the same kind of conclusion 
concerning the flagella. 

Sometimes the failure of the capsule to stain is easily explained. 
For example, if wasliing with buffer solution be done before evapora- 
tion of stain has gone far enough, all color may be removed from the 
capsules and they will be invisible. The same thing may happen if 
the stained films are washed too long. However, for a number of 
other striking irregularities encountered no completely satisfactorj^ 
explanation is at hand. It seems probable that uneven distribution 
of material taken up from the cultural media, or differences in the 
character of these materials, may be among the factors concerned. 
Is it not at least possible, too, that when capsules are supposed to be 
“developed” by residence in a particular environment they are actually 
only swollen or even only impregnated with materials in the absence 
of which they are incapable of taking or retaining stains? 

A number of the different ways in which capsules behave toward 
the stain used in our technic are shown in Fig. 2 which represents a 
smear of Klebsiella pneumoniae Friedlander. It will be noticed that 
in some instances soma, capsular substance and capsular membrane 
are all stained deeply and alike; in these individuals, the structural 
arrangement is not to be made out. In other cases, soma, capsular 
membrane and the nearly colorless, capsular substance are all clearly 
seen. Between these two extremes, a number of variations in dept 
of staining will be noted. These obviously cannot be explained as 
technical in origin : they must arise from differences among the m i 
vidual organisms themselves. If they are thus encountered in one 
preparation, it is not strange that variations of a similar kind arc 
met with in the examination of different preparations. 

Capsular Membrane . — With our technic, as indeed wdth ot er 
methods of staining the capsule, the stain — except in the 
greatly overstained- organisms — ^is apt to be more concentrated at 
periphery of the capsule than elsewhere. , 

In some, but not in aU, species it is easy, if one wishes, to stain ^ 
entire capsular substance {e.g. the overstained organisms in ’ 
also in Fig. 9). But the specimens are more satisfactory for stu > 
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flagella have been unsuccp';«;fiil 'T’Lq 

under Critiaue mn,. fL • '• matter is further discussed 
show) are clear eno^lw" specimens (as the illustrations 

being purely tinrfn ^ evidence presented, 

We have for hazards of tinctorial methods, 

used the word L ^ accurate discussion, avoided evasions and 
out in the belief ^ ^ t f i escribe the appearance our method brings 
a capsule T? <- ^ structure is probably though not certamly 

Z^i^tZ rT ", ‘'^‘= “ fortified, if possible, by 

evidence not tinctorial in character 

bvatf'" f " ^“^o/^e.-The capsule may also be demonstrated 

y the use of certain modifications of Wright’s stain. 

has^hi^a^nSl^r ®^^stitution of ctythrosin for eosin in the Wright formula 
this modifirai' ° snees proved satisfactor}" although specimens stained with 
rtuS w r the erythrosin tends to fade. E..cellent 

Sld.T n 1 T “^de up with ethyl instead 

In fddtV ^ usedas thesolvent. 

canismt; iic°^ modifications as these w^e have, in the study of certain or- 

stain rpto- success hlacNeal’s tetrachrome stain (Fig. 13), Giemsa’s 

will bi Jirt w Gil’s method for flageUa (Fig. 15). Of the last, more 

a er in iscussing the relations of flagella to capsule (see page 500). 


C(^S2ilated O) ga7iisins Studied. — The merit of our technic was 
^ a IS led by the study of 3 of the best knovm “capsulated^' organisms: 
V pnetimoniae (S strains of Types I, II and III), B. anthrach Koch 
rom t e mouse s spleen) and Klebsiella pneumoniae Friedlander, 

f f. ^ strains from 5 different sources (Averj^ Rockefeller Insti- 

mte; ^ay and Dawson, Columbia; Park, New York City Bureau of Laboratories; 
u ois, e eime) were used. All were w^ell established, virulent, definitely 
ps ate strains. A number of representatives were used which were knoCT to 
secrete e specific soluble poNsaccharide. The capsule, as stained b}^ our raetliod, 

1 entical in site and size wdth tlie capsule as stained the ordinary methods 
^ films ivere made from the peritoneal exudate of mice which had 
received intraperitoneal injection of Ty^pe III S the capsules appeared s^YolIcn, 
exactly as they do when stained by the usual capsular methods (Fig. 16). 


® Used also by Foth and others. See Foth, E., in KoUe, W., and von Wasser- 
^nn, A.,^ Handbuch der pathogenen Mikroorganismen, Jena, Gustav Fischer, 
CRolIe, W., Kraus, R., and Uhlenhuth, P.), 1929, 9, Liefg. 34, 782. 
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technic (such as Boni had used) which introduced a number of sources of possible 
error from artifacts {c.g. Hamm®), Still wc find Carpano^ in 1913 making the 
statement that the “capsule is nothing other than a constant structural peculiarity 
which it is not always possible to recognize because of imperfect technic,'' 

Ideas like Carpano's were not, however, generally held. It was still usually 
thought tliat tlie division of bacteria into “capsulated" and “non-capsulated” 
groups represented the facts as tliey exist in nature; and even in the case of the 
virulent organisms, capsules were regarded by many (as Babes had suggested) not 
as essential structural units but as a defense mechanism (Sauerbeck's “bacterial 
immunit}" tlirough structural adaptation"®). “Highly virulent bacteria," uTote 
Eisenberg, “surround themselves in tlie infected host with a thick capsule which is 
lost when the bacteria are transferred to artificial media."® 

This general conception (which fails perhaps to take sufficiently into account 
the fact that saprophytic bacteria may also surround themselves with “the deadly 
capsule") may be said to be the one which still obtains. Yet data have been for 
some time accumulating which have thrown considerable doubt on it. Many 
scattered reports have appeared in which the observation of capsules, where they 
had not previously been seen, is recorded. Thus, Huntoon describing a new 
technic for staining capsules wrote: “This method has been tried on streptococci, 
staphylococci, members of the Gram-negative group and many flagellated or- 
ganisms and has in no instance shown a capsule on these organisms but a similar 
structure ma}^ be demonstrated on all by means of a special technic which will 
be the subject of a subsequent report."^® 

No further report ever appeared, but we have seen photomicrographs of Hun- 
toon's specimens and there is little doubt that he did stain capsules on a number o 
“non-capsulated" organisms. 

In 1925 Cooper^^ showed definitely, as Marrassini^- had done in 1913, that 
ihella lyplii^ Escherichia coliy SahnoncUa cnicritidis and a number of otlier organisms 
are, at least under certain conditions, capsulated. 

In our own study of the ^‘non-capsulated’^ group, organisms (H^e 
D. pneumoniae R) were included which are universally regarde 
and on apparently convincing evidence — to be devoid of capsu es. 
Others (like Escherichia coli) were included of which although t le 
species is usually regarded as non-capsulated — strains or mutants 

®Hamm, A,, Ceiiir. Bact.^ L Abt.^ Gng,, 1907, 43, 287. 

^ Carpano, M., Cenir. Bac/., L Abt,, Orfg., 1913, 70, 42. 

® Sauerbeck, E., Z. Hyg. u. hijcctionskrankh*, 1909, 63, 313. 

® Eisenberg, P,, Centr, BacL, 1, Abt.y Orig.y 1908, 47, 415. 

1® Huntoon, F. M., /. BacLy 1917, 2, 241. 

Cooper, M., /. Infect. Dis.y 1925, 36, 439. 

Marrassini, A., Centr. Baci.y L Abt.y Orig.y 1913, 71, 113. 
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Protects vulgaris Hauser (Fig. 25). 1 strain from Torre 3 ^ 

Alcaligcncs faccalis Castellani and Chambers (Fig. 6). 1 strain from Torrey 

Streptococcus faccalis Andrewes and Horder (Fig. 26). 6 strains from Torrey. 

About all these organisms structures were demonstrable not only by 
our technic but in a number of instances also by the method of Giemsa, 
MacNeal and Casares Gil which had the appearance of the structures 
usually spoken of as capsules. 

We have also studied the following cocci. 

Streptococcus hacmolyticus. 

Streptococcus viridaus. 

Neisseria gonorrheae (Neisser) Trevisan. 

Neisseria infracellularis CWeichselbaum) Holland (meningococcus). 

Staphylococcus aureus Rosenbach. 

This group we have not, up to the present time, subjected to the 
intensive scrutiny — either as regards number of strains examined or 
number of films made from the strains studied — ^which has been 
devoted to the other organisms upon which we are reporting. Defi- 
nite conclusions are not therefore warranted concerning all the mem- 
bers of the group. They will be reported upon later. 

The study has also included examination of the following members 
of the acid-fast group.^® 

Mycobacterium tuberculosis {hojninis) Koch. 

Mycobacterium tuberculosis {bovis) Th. Smith. 

Mycobacterium tuberculosis (avium) Straus and Gamelsia. 

Mycobacterium smegmatis. 


studied both the S strain, and the R strain dissociated by Tyler. 
demonstrated on both with equal ease. It is interesting to learn from ^ 
(personal conununication) that the presence of capsules on the S form ha 
strongly suspected by Tilden, in his laboratory; and that Tyder had later 
their presence on the R form. The observations were not considered su 
well established to justify report and have never been published. Olitsky m 
me that our findings, as regards the presence of capsules on both S and 
as well as regards the relation of capsule to flagella, have recently ecn c 
firmed in his laboratory. , 

All but Mycobacterium tuberculosis bovis, which came from the New 
Bureau of Laboratories, were furnished by Dr. M. C. Kahn of the Corne ^ 
College. 
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The purposes of this communication are to present a new method of 
staining bacterial capsules, to record the demonstration by stains of 
their presence on a number of supposedly non-capsulated organisms, 
to point out the structural relation of flagella to capsules and to con- 
sider the bearing of these observations on present day conceptions 
of the nature of the capsule. 


Technic 

The best results have been obtained when young organisms (not more than 18 
hours old) from a culture on sob'd media were tised for study, although capsules 
have also been stained in smears from broth cultures and (in the case of Diplo- 
coccus pneumoniae) from sputum. Use is made only of stain and fixative, which 
are applied together. No steps are taken fllhe preliminar>' treatment with 
serum, acetic acid, nutrose, etc.) which arc designed to render the capsule more 
readily demonstrable but arc likely also to produce somewhat more artificial condi- 
tions. Films arc made from aqueous suspensions of the bacteria and these are 
air-dried. They arc then covered with 10 drops of freshly filtered Wright’s stain 
w'hich is left on until it has evaporated nearly, but not quite, to dryness, when 
a purplish pink replaces the original color of the Wright’s stain. It is probable 
that staining of Uic capsule occurs just at this instant. The c\*aporation usually 
requires about 3 minutes. The stain is washed off as rapidly as possible with Clark 
and Lubs’ buffer pll 6.4 to 6.5 and immediately dried vrith a fan without blotting ^ 
Sometimes tlic capsule is more satisfactorily stained if the film is rap id I v wrch/»d 
with distilled water after the buffer has been used. Eiccllcnt specimens 'may also 

• Work aided by a grant from the Josiah Mac\*, Jr., Foundation, 
t Prcliminaiy reports of this work Lave appeared in: Prc'^ Sc^ 
and Med., 1932, 29, 514, 5!5, 996. 

Ily never blotted. V, 


and Med., 1932, 29, 514, 5!5, 996. 

* In this l.al>oralor\* bactcri.al films arc practl 
found a hot air electric fan of th.c Und cmplovcd i 


Bid. 
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may be onty a light effect. Quite similar appearances are often to be noted about 
any black lines in high power photomicrographs (e.g., the flagella in Figs. 21 and 
35; the halos around and quite outside the capsules in Fig. 35, and a similar halo 
seen in Fig. 23 a which is tlie photomicrograph — 2000 magnification — of one of the 
scratched lines on a Leitz ruled slide). Appearances of this sort shoiild make one 
accept with caution Koch’s dogma to the effect that only photomicrographs are 
of scientific value for the representation of bacteria.^’ That photomicrography 
at high powers — whether of stained or living cells — is not a method of impeccable 
exactitude, but contains pitfalls like any other technical maneuver, is perhaps not 
suflBcientty appreciated. Note in this connection Fig. 14. No one would suspect 
tliat tlie specimen from which tliis photograph was made showed capsules beauti- 
fully stained; the camera simply failed to record adequately the contrasts of 
the differential stain (red and blue) which produced in the eye a clear-cut image 
of a capsule with sharply defined periphery^ 


While, for descriptive purposes, the term ‘'soma” is at present a 
useful one, it would be unfortunate if its employunent implied that 
the structure it describes is a more essential, constant or important 
part of bacteria than other parts. Indeed, observations like those here 
reported suggest the possibility that some relation may exist between 
soma and capsule like the relation between nucleus and cytoplasm. 
This hypothesis we are investigating. Wliile it may turn out to be 
well founded we cannot at present offer any scientific evidence what- 


ever for its correctness. 

It is worth while to call attention to the well kno^vn but someuhat 
neglected fact that the somata of any given organism ma.y, when 
stained, vary a good deal in apparent size (particularly in caliber) no 
only among different films but also among different individuals seen 
in a given film. Careful scrutiny of practically any'’ stained specimen 
will bear this statement out, at least for the majority of bacteria 
These variations are clearly to be seen in the specimens sho^n i 
Figs. 1, 2, 4 and 26. The point is brought up here because 
are sometimes perplexed, as to the interpretation to be put upon ^ 

appear to be capsules, if they chance to find somata (in a specim ^ 
stained for capsules) smaller than “normal.” What usually 
in such cases is that, when apparent capsules are found w^here 
no attention whatever is paid to size of soma; but w^hen 
bacteria supposed not to possess capsules, size of soma is ca 


^’^Koch, R., Mitt. k. Gsud/itsavite, 1881, 1, 10. 
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almost always show the fine pink line of the membrane on which the 
granules probably rest (Fig. 22). 

5. Occasionally the so called staining is ‘^negative.” The somata 
are stained blue but capsidar substance and capsular membrane are 
quite unstained. The capsule therefore stands out sharply as a clear 
space against the somata and the purplish background (Fig. 8). 

6. Occasionally no capsules at all can be seen. It sometimes 
happens indeed that it is impossible to demonstrate them in a film 
from a given suspension, w'hile examination of a second film from the 
same suspension reveals them clearly. Not infrequently the specimen 
stains irregularly; and, vrhen this occurs, the best stained capsules are 
apt to be at the edge of the film. This phenomenon has been noticed 
also by other observers w'orking with other staining methods. 

7. Not all the species on w^hich we have demonstrated capsules 
react with equal readiness toward the stain. With some, satisfactor}^ 
results are obtained almost constantly and usually with little difficulty. 
This is true of Klebsiella pneumoniae Friedlander, of Closiridium 
uxlchii and of Clostridium teiani. It is also true of many strains of 
D. pneumoniae. 

In other instances, attempts to stain the capsules are successful 
only after repeated failures. The capsules in such cases appear to 
be capable of taking or retaining the stain only when everj^ single 
factor (duration of exposure to stain, amount of washing, age of cul- 
ture, pH of environment, chemical constitution of fluids in which the 
bacteria are suspended and probably other unknowms) is favorable. 

The behavior of many capsules toward stains appears thus to be 
easily upset and often by factors which cannot be assigned. This 
capriciousness, as compared with the dependable staining behavior of 
somata, is a characteristic which they share \vith flagella. It is 
established by certain other facts in addition to those already referred 
to. Thus, we have examined films, stained by our technic, which 
showedmo capsules whatever but in which, on rcstaining, the struc- 
tures were clearly demonstrable. We have also made the observa- 
tion, in the case of B. anihracis, that a readily demonstrable capsule 
could be made apparently to disappear by simply exposing the or- 
ganisms to sodium chloride: the “dissolved*’ capsules reappeared when 
the salt was washed away and the film again stained and examined 
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types. Between this ring and the bacterial body there is often a quite 
clear space; but not infrequently this space is stained pink. The 
appearance of the R forms is exactly the same as that of the capsulated 
S forms; and the ^‘structure^^ seen about the R forms occupies exactly 
the position of the capsule of the S forms.^® 

The same is true of the other organisms supposed not to be capsu- 
lated of which we have spoken. The stained pink line surrounding 
them, with the clear (sometimes light pink) space between it and the 
soma corresponds to the typical picture of a capsule. 


Clarity in this field has given place to confusion because bacteriologists have 
failed to establish, adopt and then adhere to an}" standard. Three factors appear 
to have contributed to the confusion: — 


1. It is well kno\vn that in the case of some bacteria which produce a sticky 
growth {Klebsiella pneumoniae Friedliinder, D, pneumoniae III S and others) a 
secondary zone is sometimes observed quite outside the capsule. This zone is 
not constant, is usually irregular in shape and has no sharply marked peripher}", 
though the stain may be denser at the edge than elsewhere. It has none of the 
appearances of an organized structure but suggests on the contrar}" a layer of 
amorphous material adherent to the outer surface of the capsule (Figs. 1, 9, 30). 
Not infrequently we have observed a similar picture in stud3"ing flagellated bactena 
and there is reason for believing that in some of these instances the outer zone 
represents stain adherent to flagella, sometimes perhaps to the stumps of broken 
flagella (Figs. 10 a, 11, lower organism). 

2. Confusion has become particularly frequent since the introduction by Zett 

now“® of terms, new to this field, and their adoption by Toenniessen^^ in his 
tant chemical studies of the capsule of B, friedlaenderi. Zettnow had into uce 
into bacteriolog}" and defined the perhaps not altogether fortunate terms en o 
plasm” and ^‘ectoplasm.” The former, he had stated, stains blue by tlie 
nowsky method and readily by the usual aniline dyes. The latter is , 

at all by Romanowsky or ordinary dyes; it is stained, if at all, only with cu ) 
and after mordanting. Endoplasm is that part of the organism usuall} spo 'C 


The staining technic described in this paper was put to a test as to aval a^ i 
for routine use, through the kindness of Dr. Stuart Mudd. The students 
class in bacteriology at the University of Pennsylvania were given R s 
pneumococcus, from his laboratory, to be stained by our method. In a 
the more successful slides, one of which we have seen, capsules were very 
demonstrated (personal communication). 

Zettnow, E., Z. Hyg. n. Infeciionskrankh.y 1897, 24, 72; 1899, 30, . 

Toenniessen, E., Cenfr, Baki., I, Abt,, Orig., 1912, 66, 23; 1913, 6 , > 

73,241; 1921, 86, 225. 
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and more suitable for photography if the stain is (save at the periphery 
or capsular membrane) washed out of the capsular substance, either 
completely (Figs. 3-5, and 11), or almost completely (Figs. 1, 10 a). 
The sharply stained pink line which is then seen surrounding the blue- 
stained soma, from which it is separated by a clear imstained space 
(the capsular substance) we have referred to as '^capsular membrane.^' 

The term “capsular membrane” is useful for descriptive purposes. 
It is possible, although not proven, that the presence of a membrane 
does actually account for what w’e see. Yet it is not altogether clear 
just how this picture is produced. The capsule must surround the 
soma like a sac. How does it come about then that, in many or- 
ganisms, the linear periphery only, of this sac as it lies flattened out 
on the slide, is deeply stained, while no dye whatever is seen in the 
rest of it? Perhaps its attachment to the slide at its edge leads at 
this site to retention of dye which is more easily washed out of the 
main portion of the capsule; for it is well knoTO that some stains tend, 
as they evaporate, to accumulate at any edges encountered. Witness, 
for example, the frequently observed phenomenon (already referred 
to) of good capsular staining at the periphery of a film in the rest of 
which no capsules at all are to be found. 

We can, however, suggest no entirely satisfactoiy^ explanation for 
the linear staining of the capsular membrane. Though a matter of 
common observation, it appears to have been accepted by bacteriolo- 
gists without inquiiy. 

Criticism of the Technic . — In a large proportion of specimens exam- 
ined by this technic good staining occurs, and structures about the 
somata are seen, difTercntially stained, which no one could, we think, 
describe as an^^thing but capsules if that term is to be used at all. On 
the other hand the picture is sometimes much less satisfactor}". Pre- 
cipitation may occur, in granular and sometimes in annular form, and 
in these slides one is not infrequently considerably perplexed in con- 
sidering many individuals to say whether what is seen about the 
somata should be interpreted as valid capsule or as some kind of 
artifact. The question of artifact has, of course, been kept constantlv 
in mind. Attempts made to produce the capsulc-likc structure, on 
non-bactcrial particles (collodion particles, ix‘d and white blood cells) 
as well as on organisms displaced from their apparent capsules and on 
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t5rpes. Between this ring and the bacterial body there is often a quite 
clear space; but not infrequently this space is stained pint. The 
appearance of the R forms is exactly the same as that of tlie capsulated 
S forms; and the “structure^^ seen about the R forms occupies exactly 
the position of the capsule of the S forms. 

The same is true of the other organisms supposed not to be capsu- 
lated of which we have spoken. The stained pink line surrounding 
them, with the clear (sometimes light pink) space between it and the 
soma corresponds to the typical picture of a capsule. 

Clarity in this field has given place to confusion because bacteriologists have 
failed to establish, adopt and then adhere to any standard. Three factors appear 
to have contributed to the confusion: — 

1, It is well known that in the case of some bacteria which produce a sticky 

growth {Klebsiella pnetimoniac Friedliinder, D. pneumoniae III S and others) a 
secondary zone is sometimes observed quite outside the capsule. This zone is 
not constant, is usually irregular in shape and has no sharply marked peripher)’? 
though the stain may be denser at the edge than elsewhere. It has none of the 
appearances of an organized structure but suggests on the contrar>’’ a layer of 
amorphous material adlierent to the outer surface of the capsule (Figs. 1, ^ r 

Not infrequently we have observed a similar picture in stud 3 dng flagellated bactena 
and there is reason for believing that in some of these instances the outer zone 
represents stain adherent to flagella, sometimes perhaps to the stumps of bro 'en 
flagella (Figs. 10 a, 11, lower organism). 

2. Confusion has become particularly frequent since the introduction by e 
now“® of terms, new to this field, and their adoption by Toenniessem' inhisiiupor 
tant chemical studies of the capsule of B. fricdlacnderi. Zettnow had intro ucc 
into bacteriology and defined the perhaps not altogether fortunate terms cn 
plasm” and ‘'ectoplasm.” The former, he had stated, stains blue by the 
nowsky method and readil}^ b}" the usual aniline d 3 ^es. The latter 

at all b 3 '' Romano wsky or ordinary d 3 ^es; it is stained, if at all, only with i cu 
and after mordanting. Endoplasm is that part of the organism usualb spo 

The staining technic described in this paper was put to a test as to availah' 
for routine use, through the kindness of Dr. Stuart Mudd. The stu ents 
class in bacteriology at the University of Pennsylvania w^ere given R s rai^^^ 
pneumococcus, from his laboratory, to be stained b 3 ’’ our method. In a 
the more successful slides, one of which we have seen, capsules w^ere 'ver3 
demonstrated (personal communication). 

Zettnow, E., Z. Eyg, i/. Infeciionskrankli., 1897, 24, 72; 1899, 30, • 

Toenniessen, E., Centr. Bakt., 1. Abi,, Ong., 1912, 66, 23; 1913, > * 

73, 241; 1921, 86, 225. 
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Of B, anthracis Koch, 6 strains were studied. These had been obtained either 
from the New York City Bureau of Laboratories (Dr. Park) or from the American 
Tj'pe Culture Collection. The authenticity of all had been established during 
years of experimentation in this laborator>\ All were highly virulent for mice. 
All showed, wLen examined from the mouse^s spleen (either by our technic or b}" 
the usual methods) readily demonstrable capsules (Fig. 3). 

Of Klebsiella pneumoniae Trevisan {B.friedlaendcri) observations were made on 
8 strains: 6 from the New York City Bureau of Laboratories and 2 from Belie\me 
Hospital (service of Dr. DuBois). All had been isolated from the human being 
and were t>T)ical in ever>" respect. The capsules, as stained by our method, 
corresponded in ever\" way vdth those seen when the usual capsular stains are 
used (Figs. 2, 9). 

Presence of Capsules on ^^Non-Capsulated^^ Organisms, — The study 
was next extended to include the ‘‘non-capsulated’’ group, a group 
which — though now known to be less sharply demarcated than was 
formerly thought to be the case — is still a fairly generally recognized 
bacterial class. ^ 

For some years after Friedlander, for the first time, demonstrated the presence 
of capsules on pathogenic organisms it was thought that this feature was peculiar 
to the bacterium which came to bear his name, and to a few others (like B, an- 
thracis) which were found to resemble it in this structural respect. Since capsules 
could not be demonstrated on the great majority of remaining organisms, one of 
the firmest teachings of bactcriolog>' thus came to be that bacteria could be sharply 
divided into the “capsulated” and the “non-capsulatcd” groups. Although this 
idea before long began to undergo modification, it is in the main still \ridcly ac- 
cepted. Many believe that, in the case of certain bacteria like B, frkdlacndcri, 
the capsule is an essential part of the organism, practically ahvaj-s present; while 
in another much larger group, capsules arc never to be seen or only under quite 
special conditions. 

There were early premonitory* guesses, based in some instances on sound 
obscr\*ation, that the case w*as not quite so simple as this. Miguki.^ for example, 
in 1896, at a time when only a few* organisms had been sho'v\'n to possess capsules, 
prophesied that more and more of them would be put into the capsulatcd group 
as the field was more carefully examined; and that probably all were in fact cap- 
sulatcd, though the capsules would doubtless be found to vary grcallv in size 
Tlic pendulum occasionally svmng all the way in the direction thus indicated 
by Mig\:la; and some observers (for example Doni*) went so far as to state that 
they had demonstrated capsules “on all bacteria tahen from anv mcdLa.*’ Mo-t 
bacteriologists considered it precarious to draw* ccr.clus:or.s sweeping from a 

* Migula, W., Drjtsch, tUrem:. 1895. 4, 2$. 

’ Boni, L, Cer.ir, Beet., L Alt., CIS, 705, 
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often it is simply stated '‘capsules are of two kinds, the true capsules produced by 
the organism as a kind of secretion, and culture capsules forming in the culture- 
media and deposited on the outside of the organism.”^" 

3. A third source of confusion comes from the notion which has arisen that the 
capsule is somehow to be thought of as a structure only of a certain size, and that 
anything smaller than this must be something else. It goes without sa}dng that 
the standard must of necessity be quite arbitrarily chosen. 

However, capsular dimension is perfectly well known to be a variable. Swelling 
(e.g. of the capsule of Pneumococcus III S after residence in the peritoneal ca\ity 
of tlie mouse) is a well established phenomenon; tlie capsular membrane in such 
instances lies further from the soma than “normall 3 \’^ Exposure to nutrose also 
appears to cause similar enlargement, as does exposure to glacial acetic acid which, 
in the Welch technic, is added for this very purpose. 

Capsules which are thus able to swell must also be capable of shrinking. The 
distance between bacterial body and capsular membrane wall then be diminished; 
capsular substance will be scant or wanting, and the membrane may lie prac- 
tically upon the soma. It is well known that shrinkage of this sort occurs when 
bacterial films are heated, or fixed with sublimate; its occurrence under such 
conditions is, according to some observers, more frequently seen in bacteria taken 
from culture than in those taken from the animal bod 3 \ The apparent size of 
the capsule is also known to vary, in India ink specimens depending on whether 
these are examined in water or oil. There appear to be thus a number of reasons 
for thinking that the capsule ma 3 ^ in fact be a sac, now collapsed, now swollen. 
At any rate it is certainly illogical to make size a criterion as to whether a struc- 
ture known to vary in size shall be designated as "capsule.^^ 

The facts of the bacterial structure of D. pneumoniae as brought 
out in this study are schematically represented in Text-fig- h The 
specimens, on which these diagrams were based were stained by our 
technic, in three colors: blue, pink and several shades of puipo. 
These are represented by black and gray. 

Relation of Capsule to Flagella 

There is still considerable diversity of opinion concerning the structural 
ment of the flagella, and some authors (Fuhrmann-^ and Y'amamoto' ) 
regard them as directly connected wdth the bacterial body. This in spite o 
w^ell established chemical differences from it (as shown for example 
Ermengen technic) and the differences in their antigenic behavior. A 

“ Ford, W. W., Text-book of bacteriology, Philadelphia and London, 
Saunders Co., 1927, 39. 

“^Fuhrmann, F., Cenir, Bakf., 2. Alt,, 1910, 25, 129. 

Y'amamoto, J., Ccutr, Bakt., 1. Abi,, Or/g., 1910, 63, 38. 
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violet and the flagella green. The work of Weiss,"® who studied the different ways 
in which the bacterial constituents react toward acid and basic dy'es, provides 
further testimony in the same direction. Migula'* noticed many years ago tliat 
capsules not visible in ordinary stains may become visible in flagellar stains (c.g. 
on the hay bacillus) and stated “that the capsule appears to consist of the same 
material as the flagella which arise from it.” 

Our own studies, particularly of specimens stained by the method 
of Casares Gil, present convincing evidence that — in many instances, 
at least — the flagella have no connection whatever with the bacterial 
body but are attached only to the capsule. The testimony on this 
point furnished by such specimens as those represented in Figs. 15, 
21, 31 is convincing enough; and it is fortified by the study of empty 
capsules. One of these is represented in Fig. 32. The well stained 
capsule is clearly seen and arising from it the well stained flagella. No 
bacterial body is present; it has been popped out of the capsule; what 
appears to be the place where it once lay is readily seen on close 
inspection. This phenomenon is frequently observed. It is repre- 
sented again in Fig. 33 where both the bacterial body and the capsule 
from which it has been tipped are clearly seen. The capsular attach- 
ment of the flagella in this instance is again obvious and the apparent 
former site of the bacterial body is here also to be made out by careful 
scrutiny. Emptying of the capsule by popping out of the soma JS 
again represented in Fig. 11. In staining this specimen our capsubr 
method, but no flagellar stain, has been used. One bacterial body lies 
within its capsule as usual. The other has been tipped out. 

If it be objected that the bacterial tipping represented in these m 
stances is apparent not real, and that the bacterial bodies which seem 
to lie over the capsules they have left are only occupying this position 
by chance (having been lodged there during the process of makmt, 
the film) the objection is met by the specimens shown in Fig- 
Two chains of enterococcus stained by our method are shown; the n 
terial bodies are stained blue, and the capsular membrane, pink> 1 ’ 
capsular substance is nearly colorless. The bacterial bodies o 
right tw'O-thirds of each chain lie within the capsule. The left on^^ 
third of each chain (f.c. t'wo individual cocci) has been tipped out 
its capsule which in this portion of the chain is empty. *1 

Weiss, E., /. />:/cc/. Dis., 1928, 43, 228. 
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STUDY OF BACTERIAL CAPSULE BY NEW METHODS 


body in the individual in the upper left hand corner of Fig. 36 a consists 
actually of soma plus capsule is thus evident and the capsular attach- 
ment of the flagella in this organism is thus well established. 

Wliile the relation of flagella to capsule just described and as repre- 
sented in the illustrations is certainly often the relation which actually 
obtains, it is quite certainly also not the constant one; for we have 
seen many flagellated cells on which no capsule whatever was present, 
and in these the flagella naturally arose directly from the bacterial 
body. Our observations as to the capsular attachment of flagella 
agree with those of Babes who in 1895 published a paper on the sub- 
ject which has never received the recognition it merits.-^ Olitsky in- 
forms us (personal communication) that liis recent study of Bad. 
gramdosis confirms these ideas, so far as this organism is concerned. 

It is interesting to note in this connection the statement of Cooper” 
that “the organisms which are normally motile were found to be non- 
motile during the period when capsules are demonstrated.” The 
implications of this statement are quite at variance with our findings. 

Relation of Capsule to Cortex 

Observations were reported in 1927 and 1929“ which suggested that 
many Gram-positive organisms possess a Gram-negative medulla and 
are Gram-positive only at the surface or cortex (Fig. 37). The evi- 
dence presented at that time for a structural arrangement of this 
kind, if not absolutely conclusive, was highly suggestive. It has since 
been fortified by further testimony. We have been able but not 
with constancy — to produce bizarre swollen forms of B. anihracis m 
which the medulla and cortex are exaggerated in thickness. In some 
of these the former, stained pink by Burke’s method, can be cleat } 
seen surrounded by the latter, stained bluish black. In 
w^here the Gram-positive material has been stripped away the 
is seen passing into the cortex of the next adjacent segment i 'C ^ 
piston into a cylinder. 

The picture of Gram-negative medullae surrounded (in pat 
completely) by Gram-positive cortices, which we are able to pto 
artificially and which was illustrated in the publications just le ctt 

Babes, V., Z. Hyg. n. Infcclionskranhh., 1895, 20, 412. 

“ Churchman, J. W., J. Exp. Med., 1927, 46, 1007; 1929, 18, 413. 



497 


if any ^ 

!''“«C" r^’ " ^ie t'” “ ^out of after 

^idelv f fcy a ,r of bart °^^smsh as 

^i^actuJe mi caps.;" iU s. ^^d ge/ 

; ^^teria] /ound o/rf °“P a^d ^i/s 

^bicb- IS on? ^''P^^aiaor thf ^^Sardinxr 

°^i^^^andox °^^^^iona]L ^ ®^5^ed bv ^’iici c as a 

^°^etinj specia] oje/T ^^^^'ned byV °^<iinan, /, the 

•^iic//;;;^ . ^^P^alated” ^ f’^and ah ^^■^iis oq - ° Possess 

tjTDP,^ • -fndeerf r> ^nd c/r, , : ^ of otu 

l|S5j^i5§S:§ 

a<lf " 

'«"<f"r, t'fjf ""' ''■'m'/sf "'“a oiI,er''’'“'''a^«"l 
aS;: °/ ■'■e if :„f ''“"atff ■ 5*rf • a.-«. 

'^'I)e; K . ■ ^ ^^-‘^Uio;, J ^^<^Ond e,p, ^ ^^'’e been ' ;V 


506 


STUDY OF BACTERIAL CAPSULE BY NEW METHODS 


Structure. Though not necessarity dependent on contact with tlie 
animd body for “development” its size may be increased by residence 
m living tissues and probably also by growdh on media of proper con- 
stitution. When enlarged in these or other ways, capsules not other- 
wise easily made out may become clearly visible. Structures tlius 
capable of swelling may also shrink; and capsular size is certainly 
inconstant. In one and the same specimen, large and small capsules 
are often seen (Fig. 2) just as are large and small somata. 

Capsules vary also in their staining reactions. There is a mdely 
held belief that this ought not to be expected to be the case; that all 
capsules should be supposed beforehand to react alike toward d)Ts; 
that if a capsule is not demonstrable on an organism by a teclinic 
which makes its demonstration possible on another organism it must 
necessarily be absent from the former. No such idea obtains con- 
cerning bacterial somata. No one is surprised that some of these 
retain the stain in Gram’s technic, wdiile others give it up; nor that 
some are acid-fast and others not. The expectation of absolutely 
constant staining behavior on the part of the capsules does not appear 
to be wmll founded. One property^' the majority of capsules have in 
common; they often — indeed usually — ^remain unstained by dyes 
wliich stain somata readily, unless these dyes are used in conjunction 
with mordants or after some special method of fixation. Among them- 
selves, howmver, capsules vary in facility of taking or retaining stains 
and on the basis of this cliaracteristic they may be graded as follows: 

Group 1. Those which stain wdth relative ease, as by the Gram, 
the Friedlander or the Johne methods. Here belong for example 
some strains of Z?. pneumoniae III S, of Klebsiella Friedlander and of 
B. anthracis (from the animal body). 

Group 2. Those which stain only by the well knowm capsule 
methods. Here belong the majority’^ of strains of “capsulated 
bacteria. 

Group 3. Those “non-capsulated” bacteria on which capsules ha\e 
not up to this time been regularly demonstrable but on which they 
have been observed by special technics (like the method of Cooper) 
and under somewhat special conditions of growth or environment. 
Here belong certainly some strains of the coli~iyphi~enlcritidis group 
and perhaps a number of others. 
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STUDY OF BACTERIAL CAPSULE BY NEW METHODS 

6. it has been impossible to produce with our staining methods 
structures resembling capsular membranes around coUodion particles, 
re or white blood cells, or Rickettsia bodies. About red blood cells, 
it IS true, the stain occasionally retracts, leaving a space; but this 
appearance is not usual and even when it occurs the space is never 
surrounded by a stained line. 

7. ^ Capsules have been demonstrated about some organisms (thatis5. 
subtilis and Bact. granulosis) also by Casares Gil stain. One would have, 
therefore, to imagine identical artifacts produced by two different dyes. 

8. There appears to be no relation between the size of the soma and 
the size of the capsule. This would be expected to be the case if the 
apparent capsular membrane were simply a deposit of stain. 

The evidence concerning the nature of these structures would, of 
course, be more satisfactory if one could stain the capsular substance 
as often as one stains the capsular membrane, instead of only occasion- 
ally. On the other hand, it is perfectly well known (as a glance at the 
illustrations in any text-book of bacteriology will show) that the cap- 
sules of capsulated” organisms frequently stain only at the periphery, 
leaving the capsular substance quite clear (see Fig. 8 as well as some of 
the individuals in Fig. 2). In any event, one must in some way 
account for these clear spaces; they are not vacua. 

Whatever the nature of the structures we have described w'c do not 
wish to be understood as suggesting that bacterial capsules necessarily 
resemble eacli other in any way. That they differ in chemical and 
biological properties appears certain. It is also knoAvn that they differ 
in the same organism under varying circumstances {e.g. the change 
produced in the capsule of D. pneumoniae III S by injection into the 
peritoneum of the mouse). It is to be expected that they will be 
found to differ in physical characteristics. The evidence w'e ha\e 
presented should, we think, only be interpreted as justifying a re- 
examination of the whole question in which the problems raised ^dll 
be attacked by means of methods not subject to some of the limitations 
of tinctorial technic. Such studies we now have under wmy. 

SUMMARY 

A new method for staining capsules is described. With this method 
appearances are produced about the somata of a number of 
capsulated organisms w'hich resemble capsules. 
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of as bacterial body; ectoplasm is that part usually spoken of as capsule, together 
(when these erist) with flagella. 

In his first communication Toenniessen, studjing B.frkdlaenderi, used the term 
“ectoplasm” just as Zettnow had done. It was at that time, for him, s>monomous 
with capsule. 

In his second publication the term "‘Schlemhiille"' was introduced as a name for 
the broad zone sometimes, but not alwa>"s, seen about B, friedlaendcri. This was 
now described by him as the capsule, or as part of it. 

In his third publication he stated: “Cell protoplasm and cell membrane would 
be better terms than endoplasm and ectoplasm. .... The bacterial body consists 
of 1. Endoplasm (nuclear and plasmal material mixed). 2. Ectoplasm, a 
*Eulle^ about the endoplasm; and 3. A broad sharply limited la3'er outside the 
ectoplasm; an excretion product; the ^Schleimhulle^ or ‘GallerUiiilk'^ the so called 

capsule Not a vital part of the real bacterial body but of great biological 

significance.” 

In his fourth publication he stated: “The term ‘capsule* is not quite exact, for 
that which — by the usual method for demonstration of capsules — surrounds like 
a capsule the dark stained endoplasm consists of ectoplasm and the broad *Aus- 
seuliiille* together. Only the latter should in my opinion be spoken of as a capsule. 
It is formed by excretion from the ectoplasm, and between it and its surroundings 
there is no further peripheral excluding membrane.** 

It is clear that Toenniessen is by this time using 2^ttnow*s^ terms in anj'thing 
but their original sense. Capsule had at first been identical with ectoplasm; now 
it is nothing of the kind, but lies quite outside it, is indeed secreted by it. It is 
equally clear that if capsule be defined as Toenniessen came to define it neither 
B. aiithracis (from the mouse’s spleen), nor Closlridinm u'clchii^ is capsulated; for 
neither of these organisms possesses necessarily an Ausscnhiillc, Nor are the 
majority of strains of D. pneumoniae III S capsulated, for it is well known that the 
AussenhiiUe is rarely, not constantly demonstrable about these organisms, even 
when structures w’hich ever>- bacteriologist w'ould consider t>*pical capsules are 
clearly stained. There appears to us no more reason for regarding secretorv' 
products as part of the capsule than for regarding sweat as a structural part of 
the skin. 

A similar confusion runs through the other literature, making itself erident in the 
large numbers of ill defined terms employed. As a matter of fact the notion that 
an organism cannot be capsulated unless capsules are demonstrable by methods 
now’ a\'ailablc, is so firmly fixed in the minds of many bacteriologists that when 
capsular structures arc, by new methods, demonstrated on “non-capsulatcd” 
bacteria the first impulse usually is to resort to ambiguous terms to describe them 
even though these structures appear to be identical with the capsules of “capsu- 
latcd’* forms. Some of the terms thus used are ectoplasm, retraction space, swollen 
bacterial membrane, aureole, pscudocapsulc, clear zone, halo, etc. Sometimes 
the attempt to make sharp structural dLninctions is abandoned and ^‘cr^thinir 
-except soma-is groui>cd together as the “outer functional elcmcnL**^ '\ro4 
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Fig. 29. B. anthracis from agar; note halo. 

slataed Th. Smith; soma, capsular membrane and Sagelli 

Fig. 32 Empty capsule {B. subtilis). Note attachment of flagella to cap- 
sular membrane. 

Note soma tipped out of capsule whose 
embrane is sharply stained; capsular attachment of flagella clearly shora. 

u. r u Strepiococats faecalis showing the 4 individual cocci at 

e rig It (m oth organisms) normally placed within the capsule, and 2 individual 
COCCI at the left tipped out of tlie capsule. 

, Note in the upper organism the soma lies at the side of 

the capsule and that 2 flagella appear to be attached to it. Note the halos 
around the flagella and also around the capsule. 

Fig. 36. (a) 4 individuals from a smear of Eberthella typhx. Apparent somatic 
attac ment of flagella in individual at upper left hand corner in which no distinc- 
tion etween soma and capsule is to be made out. Structme of organism clear 
m other 3 individuals, 2 of which are flagellated and show definitely that the flagella 
are actually attached not to the soma but to the capsule. (5) Bad. granulosis 
s owing apparent somatic attachment of flagella; no distinction between soma and 
capsule to be made out. 

Fig. 37. B. anthracis stained by modified Burke method (short staining, long 
ecolorization). The appearance as of a central Gram-negative medulla covered 
here, entirely, and there, by plaques and granules of Gram-positive material is 
clearly to be made out. Note halo. 

Fig. 38. A thermophile stained by Burke’s method. The individual at tlie 
upper left hand corner is provided with a Gram-positive cortex which covers the 
entire organism. In other individuals the cortex appears to be only partly de- 
veloped, partially covering the Gram-negative medulla with plaques and granules 
of Gram-positive material. 

Fig. 39. B. anthracis from spleen of mouse, stained by modified Burke’s method 
and then with aqueous eosin. All three layers of the organism (capsule, cortex 
and medulla) are clearly seen. At the left is a long individual with several seg- 
ments, all of which are thick and black, f.e. definitely Gram-positive; its capsular 
membrane is sharply seen; and between soma and membrane is the nearly clear 
space of the capsular substance. Immediately to the right of this organism is one 
whose soma consists entirely of a thin Gram-negative medulla with no Gram- 
positive cortex whatever; its capsule is sharply defined. In the other indi- 
viduak are to be seen a number of combinations of these two pictures. 
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e^-idence that flageUa and somata are chemicaUy unlike is furnished by Craipe’s 
uranium crj-stal vdolet technic’- in which the bacterial bodies are stamed dark 




Text-Fig. 1. (u) Organism stained by methylene blue alone; soma, no capsule. 

(M Organism stained bv our technic; soma, black; capsular substance, grey; 
capsular membrane, delicate black line, (c) Same as b e.xcept that stain has 
been washed from capsular substance which appears as a clear space, (rf) Nega- 
tive “staining;” capsular substance appears as a clear space against a stamed 
background, and a stained soma, (e) Same as c except that capsular membrane 
follows the indentations of the diplococcus. (/) Several diplococci within one 
capsule (fusion of capsules), (k) Precipitated slain lying on the capsular mem- 
brane. (/i) black soma; unstained capsular substance; black line of capsular 
membrane; grevish outer zone or Ausscv.huUc, merging into the stained (greidsh) 
background, [i) Same as /; except that outer zone is demarcated by concentra- 
tion of stain at its periphery (dotted line). (;) No capsule sUined; soma, black; 
outer zone, a clear space. ik\ Two diplococci with capsule, and one without, 
lyinR within a sinpic outer ^.onc. 

Craigic, J., Key, Micr . 1929, 49, 9. 
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Fig, 29. B. anthracis from agar; note halo. 

Friedlander; soma, capsular substance, capsular membrane 

stained Smith; soma, capsular membrane and flageUa 

Fig. 32 Empty capsule (B. stiblilis). Note attachment of flagella to cap- 
sular membrane. 

Fig. 33. Empt}'- capsule (B. sublths). Note soma tipped out of capsule whose 
embrane is sharply stained; capsular attachment of flageUa clearly shorn. 

‘ of Streptococcus faccalis showing the 4 individual cocci at 

e ng It (in ot organisms) normall}’- placed within the capsule, and 2 individual 
COCCI at the left tipped out of the capsule. 

, subiilis. Note in the upper organism the soma lies at the side of 

e capsu e and that 2 flagella appear to be attached to it. Note the halos 
around the flagella and also around the capsule. 

Fig. 36. (a) 4 individuals from a smear of Ebert Jiella typhi. Apparent somatic 
attac ment of flagella in individual at upper left hand corner in which no distinc- 
* soma and capsule is to be made out. Structure of organism clear 

m other 3 individuals, 2 of which are flagellated and show definitely that the flagella 
are actually attached not to the soma but to the capsule, {b) Bad. granulosis 
s owing apparent somatic attachment of flagella; no distinction between soma and 
capsule to be made out. 

Fig. 37. ,B. anthracis stained by modified Burke method (short staining, long 
decolorization). The appearance as of a central Gram-negative medulla covered 
here, entirely, and there, by plaques and granules of Gram-positive material is 
clearly to be made out. Note halo. 

Fig. 38. A thermophile stained by Burke’s method. The individual at the 
upper left hand corner is provided with a Gram-positive cortex which covers tlic 
entire organism. In other individuals the cortex appears to be only partly de- 
veloped, partially covering the Gram-negative medulla with plaques and granules 
of Gram-positive material. 

Fig. 39. B. a7ithracis from spleen of mouse, stained b}^ modified Burke’s method 
and then with aqueous eosin. All three layers of the organism (capsule, covics 
and medulla) are clearly seen. At the left is a long individual with several seg- 
ments, all of which are thick and black, i.e. definitely Gram-positive; its capsular 
membrane is sharply seen; and between soma and membrane is the nearly clear 
space of the capsular substance. Immediately to the right of this organism is one 
whose soma consists entirely of a thin Gram-negative medulla with no Gram- 
positive cortex vv’hatever; its capsule is sharply defined. In the other indi- 
viduals are to be seen a number of combinations of these two pictures. 
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convincing- proof that emptying of the capsule does occur. It is 
certainly striking that no sign of injury, at the site of extrusion of the 
organism, is to be seen in these instances. 

The flagella attached to the portion of the 'Capsule nearest the ob- 
server’s eye may appear to be attached to the bacterial body; but up- 
and-dovm focussing will show that this is not the case and will reveal 
them arching from the near or distant surface of the capsule and not 
coming in contact at all with the bacterial body. In the photograph 
shown in Fig. 35, for example, the flagella on the left side of the upper 
organism appear, at first glance, to be attached to the bacterial body, 
which lies (in this instance) at the side of the capsule. In the exami- 
nation of the specimen itself, however, careful focussing showed quite 
clearly that this was not the case. In no instance in which capsular 
membrane and capsular substance were clearly demonstrable have we 
seen flagella piercing the membrane and coming into contact vdth 
the bacterial body. 

In some instances, however, (e.g. the bacterium represented in the 
upper left hand comer of Fig. 36 a, Tvhich possesses 3 well defined 
flagella; or the 3 monotrichous organisms pictured in Fig. 36 h) no 
capsular membrane, capsular substance or soma — as such — is to be 
made out. The reason for this doubtless is that all parts of the bac- 
teria are deeply stained and the structure is thus obscured. This 
accounts for the large apparent size of such bacteria; one is really 
looking not (as is usually assiuned) at the soma alone — ^with its 
attached flagella — ^but at soma plus capsule. Attention has been 
called to this appearance by others who have studied capsular staining 
but its significance has been overlooked. In these instances, too, 
despite the apparent somatic attachment of the flagella, it is certain 
that — at least in many cases — they are actually attached onl}’’ to the 
capsule. That this is the case becomes clear from examination of 
the 3 other organisms depicted in Fig. 36 a. These lay in different 
fields of the same specimen from the one which contained the organism 
shown in the upper left hand comer. In one indiridual, soma and 
capsule arc readily seen, but no flagella have been stained; in another 
(lower right hand comer), soma and 1 flagellum, attached to the cap- 
sule, arc stained; while the third shows a soma and a number of flagella 
attached to the capsule. That w'hat appears to be a large bacteria^! 
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EXPLANATION OF PLATES 

All photomicrographs made at X 2000 magnification. Unless otherwise stated 
the stain used was Wright’s, which colored the bacterial bodies blue, the capsular 
membrane pink or pinkish purple. 

Plate 33 

Fig. 1. D. pneumoniae III R from blood agar. 

Fig. 2. Klebsiella Friedlander; note all varieties of staining from deep staining 
(no differentiation of structure) to ideal staining (structure perfectly shown). 

Fig. 3. B, anihracis from spleen of mouse. 

Fig. 4. B, anihracis from agar. 

Fig. 5. Clostridium ietani. 

Fig. 6. Alcaligenes faecalis. 

Fig. 7. D, pneumoniae III S. 

Fig. 8 . D. pneumoniae) negative ‘'staining” of capsule. 

Fig. 9. Klebsiella Friedlander; deep staining of soma and capsule; Aussenhiille 
clearly seen. 

Fig. 10. (a) B. subtilis. (b) Eberihella lyphi) at left, a group with fused cap- 
sular membranes and 2 flagella; at right, a single organism with capsule and 
no flagella. 

Fig. 11. B. subtilis. Upper organism; soma and capsular membrane sharply 
stained; capsular substance clear. Low^er organism; soma tipped out of capsule; 
secondarj" zone outside capsule {Aussenhiille). 

Fig. 12. Bad. granulosis S. 

Plate 34 

Fig. 13. Escherichia coli^ MacNeal stain. 

Fig. 14. B. anihracis, Giemsa stain. 

Fig. is. B. subiilis, Casares Gil stain; stumps of flagella attached to capsule. 
Fig. 16. D. pneumoniae III S from peritoneum of mouse. 

Fig. 17. D. pneumoniae I R from blood agar. 

Fig. 18. D. pneumoniae II R from blood agar. 

Fig. 19. Serratia maruscens. 

Fig. 20. Pseudomonas aeruginosa. 

Fig. 21. B. suhiilis \nr. Chester. 

Fig. 22. Erysipclolhrix murisepticae. 

Fig. 23. (a) Scratched line on a Leilz ruled slide. (6) Elcrikella iyphi. 

Fig. 24. Bad. granulosis R, 

Plate 35 

Fig. 25. Prctcus vulgaris. 

Fig. 26. Strepicccccus faecalis. 

Fig. 27. Mycobaderium iuherculcsis Icvis. 

Fig. 28. Mycclacterium tulerculcsis Icvis, Casares Gil stain. 



512 


EPITHELIAL REPAIR AFTER VITAMIN A LACK 


the conclusions seem unavoidable that vitamin A is essential in most 
vertebrate species and that its withdrawal is followed by a common 
effect upon epithelial structures. For convenience this change will 
be called metaplasia regardless of exact connotations of the word. 

Our conception is that the absence of vitamin A creates a starvation 
specific for many epitheliums, resulting in atrophy, which in turn 
stimulates reparative proliferation of basal cells which alone are 
capable of multiplying in epitheliums with secretory functions. The 
new (reparative) cells which replace the old in all locations and re- 
gardless of previous function and morphology acquire a common form 
and arrangement — that of a stratified keratinizing epithelium (Fig. 
9) . One is tempted to say that the cells concerned in repair revert to 
a common primitive type but is restrained by the unprovable if reason- 
able ontological implications involved. The replacement epithelium 
in any location is identical with that in all others. The morpholog)' 
warrants conviction of absence of secretory function. Cells of varied 
functions and morphology are completely masked by common features 
in A deficiency. 

Early experiments indicated that restoration of vitamin A to ani- 
mals far advanced in the deficiency resulted in the return of epithe- 


in 


Hums normal for each situation. 

It is the purpose of this report to describe the sequences of repair ii 
white rats in epitheliums only. Simple as this project seemed it 
proved difficult because of the variation in order of organs involved as 
the deficiency progressed as was pointed out by us in 1925. ^ Fortu 
nately our series of complete histological studies of 72 A-deficient rats 
was sufficiently large to enable us to predict the probabilities as o 
histological changes (metaplasia) in rats used for repair experimen s 
after consideration of weight changes and duration on the deficien 
diet. Gross observations in post mortems of more than 200 other 
deficient rats gave us additional evidence for our estimations of prog^ 
ress of metaplasia because the changes in appearance when the 'cra^ 
tinization is fully developed are visible to the naked eye in man} 
locations. 


Methods 

The diet was that employed by us in 1925. This diet is 
also in vitamins C, D and E. We have adhered to it because ( 1 ^ 






514 


EPITHELIAL REPAIR APTER VITAMIN A LACK 


different durations of deficiency in rats studied histologically. Because 
in many of the animals equally marked metaplasia was present in two 
organ groups, the figure is used in the proper columns to indicate 
such distributions. The figure 1 is used where one organ group was 
outstandingly affected. It should be remembered that in every rat 
beyond the 50 to 60 day period some organ of all groups was affected 
as weU as organs not included in Table I as thymus, pancreas and 
thyroid. 

The last horizontal row in Table I under Miscellaneous includes a 


TABLE I 


Duration 

Examples 

Ocular-para- 

ocular 

Salivary 
gland group 

Respiratory 

tract 

Genito-uri- 
nary tract 

Negative 

days 







50-60 

6 


U 

n 

a 

11 

60-70 

6 

§ 

iiM 




70-80 

4 

u 

lU 





4 

n 

m 

h 




10 

i 


11 



100-110 

2 


li 

1 

3 



130-150 

' 6 

1 

m 

m 

iu§ 


150-170 

i 8 

1 


11 

nUh 


170-190 

9 


im 

111 JaM 



210-230 

1 1 



i 



236-260 

1 3 



1 

n 


Miscellaneous 

8 


iH 

lih 

11^ 



Total 

7 

22J 

21 


2 


number of rats which for brief periods received butter fat at times w en 
it seemed apparent that they could no longer survive the deficiency 
and were thus carried for periods of 8 months to more than a ) 

If we assume that at any given period the maximum metap asia 
is found in the regions first responding to the deficiency, ^ 
practically substantiates the impression we have obtained throug m 
our histological studies that the order of response by metaplasia in 
the rat is salivary glands, respiratory tract, genito-urinary tract an 
lastly the ocular-paraocular group. 

Contrary to prevailing impressions, eye symptoms are a late 
and this has repeatedly proven true in the study of human materi 
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TABLE n 


Thirty-fivc Recovery Experiments 
Vttamin A Deficiency Rats 



^ X indicates that a cod liver oil concentrate instead of butter fat was used 
induce recover3\ 


of bacteria, but even then extension through the living epithelial 
lining into adjacent tissues was very rare. A few instances of impor' 
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In addition to resumption of growth in bones and teeth and the 
restoration of proper epitheliums, other important changes in A de- 
ficiency repair occur in bone marrow and spleen, essentially hyper- 
plasias of erythroblastic elements. 

The early surveys of the histology of the rats in stages of recovery 
were confusing because of apparent lack of sequence and variation in 
findings in the different organs of individual rats. After a thorough 
review study of the deficiency changes in untreated rats our difiiculties 
were cleared away by realizing that we could estimate in any recover- 
ing individual rat the stage or degree of metaplasia which existed be- 
fore treatment. We shall omit many histological details which can be 
arranged in sets or periods of recovery phenomena, initiated at differ- 
ent stages of progress in developing metaplasia. 

The observations of major interest can be considered under three 
headings: 

1. Repair initiated before metaplasia is complete at the stage when 
the original epithelium, more or less atrophic, is undermined by an 
epithelium of basal cell origin which has not had time to develop into 
a stratified or keratinizing epithelium. 

2. Repair initiated after metaplasia is complete when the original 
epithelium has been replaced by a stratified squamous keratinizing 
epithelium comparable layer by layer with the epidermis. 

3. Repair of epitheliums normally either stratified or of the transi- 
tional type which, as a result of A deficiency, have become hyper- 
keratotic, such as the conjunctivae and bladder. 

Repair Following Incomplete Metaplasia . — ^Now we must recall the 
fact that frequently in the progress of A deficiency an atrophic epithe- 
lium is underlaid by a layer of multiplying cells one or more deep and 
as yet not differentiated to a recognizable degree. This process of 
undermining apparently takes place rapidly and the replacement cells 
may consist of a single layer of very flat cells resembling peritoneal or 
pleural cells rather than cells with epidermoid potentialities. In some 
instances the maximum surface has been covered for the number of 
cells now replacing the atrophic original epithelium still in situ. 
Whether the replacement layer is one or several cells deep, each cell is 
capable of differentiating into the type normal for its situation, as 
well as into the keratinizing type. The effects of vitamin A adminis- 



he journal of FXFERtMRNTAL MEOICINF VOL. 57 


PLA 1 1- 



EPITHELIAL REPAIR AFTER VITAMIN A LACK 


i addition to resumption of growth in bones and teeth and the 
)ration of proper epitheliums, other important changes in A de- 
acy repair occur in bone marrow and spleen, essentially hyper- 
ias of erythroblastic elements. 

tie early surveys of the histology of the rats in stages of recovery 
: confusing because of apparent lack of sequence and variation in 
ngs in the different organs of individual rats. After a thorough 
iw study of the deficiency changes in untreated rats our difiiculties 
! cleared away by realizing that we could estimate in any recover- 
ndividual rat the stage or degree of metaplasia which existed be- 
treatment. We shall omit many histological details which can be 
nged in sets or periods of recovery phenomena, initiated at differ- 
stages of progress in developing metaplasia, 
he observations of major interest can be considered under three 
lings: 

Repair initiated before metaplasia is complete at the stage when 
original epithelium, more or less atrophic, is undermined by an 
helium of basal cell origin which has not had time to develop into 
ratified or keratinizing epithelium. 

Repair initiated after metaplasia is complete when the original 
helium has been replaced by a stratified squamous keratinizing 
helium comparable layer by layer with the epidermis. 

Repair of epitheliums normally either stratified or of the transi- 
al type which, as a result of A deficiency, have become hyper- 
itotic, such as the conjunctivae and bladder. 
epair FolJoiving Incomplete Metaplasia . — Now we must recall the 
that frequently in the progress of A deficiency an atrophic epithe- 
1 is underlaid by a la3'^er of multiplying cells one or more deep and 
-^et not differentiated to a recognizable degree. This process of 
ermining apparently takes place rapidly and the replacement cells 
' consist of a single layer of very flat cells resembling peritoneal or 
iral cells rather than cells with epidermoid potentialities. In some 
anccs the maximum surface has been covered for the number of 
5 now replacing the atrophic original epithelium still in situ. 
ether the replacement layer is one or several cells deep, each cell is 
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[ as into the keratinizing t\pe. The effects of vitamin A adminis- 


EPITHELIAL REPAIR IN RECOVERY FROM VITAMIN A 

DEFICIENCY 

An Experimental Study 

By S, BURT WOLBACH, M.D., akd PERCY R. HOWE, M.D. 

{From the Deparlmeiit of Pathology, Hanari University Medical School, and the 
Forsyth Dental Infirmary, Boston) 

Plates 36 to 38 

(Received far publication, October 26, 1932) 

The earliest demonstrable effect of vitamin A deficiency in rats* 
and guinea pigs- is upon epithelial structures. 

The sequences are atrophy of the epithelium concerned and the sub- 
stitution for it of a stratified keratinizing epithelium identical in ap- 
pearances in all locations and arising from focal proliferation of basal 
cells. Since replacement by keratinizing epithelium in many organs 
has also been found in human infants,’ in the monkey Macaens rhesus,* 
in the albino mouse,® and gross changes point to the same phenomenon 
in sunne,® in dogs,’ in rabbits,® in calves* and in the domestic fowl,’®"” 

’ Wolbach, S. B., and Howe, P. R., /. Esp. Med., 1923, 43, 733. 

= Wolbach, S. B., and Howe, P. R., Arch. Path, and Lab. Med., 1928, 6, 239. 

’Wilson, J. R., and DuBois, R. O., Ant. J. Dis. Child., 1923, 26, 431. Also 
several other unpublished cases in the pathological service of the Children’s and 
Infants’ Hospitals of Boston. 

< Tildcn, E. B., and Miller, E. G., J. Nutrition, 1930, 3, 121. 

® Wolfe, J. 2^1., and Salter, H. P., Jr., J. Nutrition, 1931, 4, 183. 

‘ Hughes, J. S., Aubcl, C. E., and Licnhardt, H. F., Kansas Slate Agric. Cel. 
Techn. Bull., No. 23, 1928. 

’ Stccnbock, H., Nelson, E. M., and Hart, E. B., .im. J. Physiol, 1921, 68, 
14. 

’Nelson, V. E., and Lamb, .A. R., .-IfK. J. Physiol. 1920, 61, 300. Nelson, 
V. E., Lamb, R., and Heller, V. G., .1 nt. J. Physiol., 1922, 59, 335. 

* Jones, I. R., EcUes, C. IL, and Palmer, L. S., Dairy Sc., 1920, 9, 119. 

Beach, J. R.. Science, 1923. 6S, 542. 

” Guerrero, L. E., and Concepcion, I., Philippine J. Se., 1920. 17, 99. 

” Emmett, A. D., and Pc-acocl:, G., J. Pi.''!. Cher:., 1923, 65, 079, 
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In addition to resumption of growth in bones and teeth and the 
restoration of proper epitheliums, other important changes in A de- 
ficiency repair occur in bone marrow and spleen, essentially hyper- 
plasias of erythroblastic elements. 

The early surveys of the histology of the rats in stages of recovery 
were confusing because of apparent lack of sequence and variation in 
findings in the different organs of individual rats. After a thorough 
review study of the deficiency changes in untreated rats our diflSiculties 
were cleared away by realizing that we could estimate in any recover- 
ing individual rat the stage or degree of metaplasia which existed be- 
fore treatment. We shall omit many histological details which can be 
arranged in sets or periods of recovery phenomena, initiated at differ- 
ent stages of progress in developing metaplasia. 

The observations of major interest can be considered under three 
headings: 

1. Repair initiated before metaplasia is complete at the stage when 
the original epithelium, more or less atrophic, is undermined by an 
epithelium of basal cell origin which has not had time to develop into 
a stratified or keratinizing epithelium. 

2. Repair initiated after metaplasia is complete when the original 
epithelium has been replaced by a stratified squamous keratinizing 
epithelium comparable layer by layer with the epidermis. 

3. Repair of epitheliums normally either stratified or of the transi- 
tional t>qDe which, as a result of A deficiency, have become hyper- 
keratotic, such as the conjunctivae and bladder. 

Repair Follmving Incomplete Metaplasia . — ^Now we must recall the 
fact that frequently in the progress of A deficiency an atrophic epithe- 
lium is underlaid by a layer of multiplying cells one or more deep and 
as yet not differentiated to a recognizable degree. This process of 
undermining apparently takes place rapidly and the replacement cells 
may consist of a single layer of very flat cells resembling peritoneal or 
pleural cells rather than cells with epidermoid potentialities. In some 
instances the maximum surface has been covered for the number of 
cells now replacing the atrophic original epithelium still in situ. 
Whether the replacement layer is one or several cells deep, each cell is 
capable of differentiating into the tjqse normal for its situation, as 
well as into the keratinizing type. The effects of vitamin A adminis- 
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dences of C deficiency — scorbutic effects — cannot be produced in rats, 
(2) vitamin D is not necessary to prevent rickets in rats imder proper 
hygiene and with proper inorganic elements in their diets, (3) the 
consequences of vitamin E deficiency have been accurately deter- 
mined by Evans and do not concern the type of lesion we are dealing 
with and (4) we have found that histological recovery ensues when 
vitamin C only is restored to the diet. The plan of the experiment 
was to restore vitamin A, usually in the form of butter fat, to the diet 
of rats in various stages of the deficiency. 

Our attempts to show graphically the order of appearance and de- 
gree of metaplasia in the various organs have been imsatisfactory be- 
cause of our inability to devise quantitative expression of histological 
appearances. 


Incidence of the Metaplasias 

Sixty-six rats kept on the A-deficient diet for 60 da}^ and longer all 
showed the keratinizing metaplasia in some part of the eye group, the 
salivary gland group, the respiratory tract and the genito-urinaiy 
tract. Of six rats on the diet between 50 and 60 days, two showed no 
metaplasia while four did to some extent in all of the four tracts men- 
tioned above.” Much study of a table obtained by recording the pres- 
ence or absence of metaplasia in each organ for each rat jaelded no 
information of value. The maximum and presumably the earliest 
effect during early periods centers about the salivary gland group and 
the respirator)’- tract. In later periods the genito-urinar)' tract became 
equally important. We are convinced that the conspicuous gross 
effects upon the eye are in large part due to accumulation of desquam- 
ated cells in the conjunctival sac and consequent irritation. Table I 
is an attempt to show the maximum distribution of the metaplasia for 

” Under the eye group we include the conjuncti\-a,Harderian, intra- and extra- 
orbital lacrjTnal glands and the Meibomian glands. 

Under the salivar>- gland group— the submaxillary gland, the parotid gland and 
all accessory ghnds of the tongue, buccal ca\-ity and pharymx. 

Under respiratorj- tract— the narcs, ma-xillarj- sinuses, Jacobson’s organ tra- 
chca and bronchi. ’ 

Under genito-urinaiy tract- the rc.nal pelves, uioters, bladder and the ep'di- 
dj-mU, prostate, seminal vesicles, coagulating ghnds, uterus, oriducts -nd 
ccs-sory sex ghnds of the vuh-a. 
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restoration of vitamin A to the diet. They may not take place until 
7 days or even later according to the condition of the rat. All rats 
which sur^dved for as long as 9 days after treatment was started 
showed evidences of repair towards restoration of normal epitheliums 
but, as stated above, increase of weight is the only positive sign of 
effect of treatment to be correlated with epithelial repair. The re- 
sponse of the metaplastic epithelium is not simultaneous in all organs 
so that in any animal treated for periods longer than 10 to 12 days all 
stages of repair may be found. 

The initial changes are separation of superficial keratinized cells 
and vacuolization of cells of intermediate layers. Polymorphonuclear 
leucocytes enter the epithelium and are found between cells and in- 
vading vacuolated cells. The vacuolization of cells seems to be the 
result of complete liquefaction or disappearance of cytoplasm. Nuclei 
of such cells rapidly become pyknotic and eventually disappear (Fig. 6) . 

Later, owing to the accumulation of leucocytes and increase of 
vacuolization, the epithelium often becomes divided into two zones, 
one of deep viable cells, presumably not irreversibly differentiated and 
an upper zone of cells which degenerate and die (Figs. 1, 4 and 8). 
Where the metaplasia has been so complete as to duplicate the strata 
found in epidermis, we are of the opinion that only the stratum ger- 
minativum survives. 

In some instances a bottom layer two or three cells deep survives, 
but probably only in locations where there have been unusual collec- 
tions of undifferentiated cells from basal cell proliferation. 

The keratinized cells disappear in extraordinary fashion, impossible 
to follow, and permitting no explanation other than that of a lytic 
process. Our supposition was that the completely keratinized cells 
would remain in ducts for considerable periods during repair, very 
promptly, however, after the initial vacuolization of cells and leucocy- 
tic infiltration has taken place, the keratinized cells disappear, leav- 
ing only granular debris or a very delicate barely visible reticulum in 
the lumina of ducts. Phagocytosis plays no part in the repair proc- 
ess. No example was found in the intensive study of the rat in these 
experiments. Cells of intermediate layers corresponding to the stra- 
tum granulosum and rete mucosum may after vacuolization of adja- 
cent cells of the same layers undergo a hyaline change and separate off, 
after which they disappear as do the keratinized cells. 
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(In twelve infants showing postmortem evidences of A deficiency, the 
maximum effect was in the respiratory tract; in extreme cases only 
were the eyes affected.) 

The Repair Phenomena 

Thirty-five rats were used in the study of the repair phenomena. 
The periods on deficient diet ranged from 53 to 248 daj’^. The periods 
of treatment with butter fat ranged from 3 to 43 days. Our observa- 
tions while covering all organs were chiefly directed to the salivary 
gland, the trachea and the uterus. Accordingly many more female 
rats were used than male. A few rats were given cod liver oil concen- 
trate (indicated in Table II) as a means of restoring vitamin A. 

We noted no qualitative difference in the epithelial responses, but 
as the concentrate was not calibrated any differences would have been 
without significance. On the whole, repair was more tardy with the 
cod liver oil concentrate than with butter fat. 

The weights of all the rats were taken weekly. Comparisons of the 
increase of weight, following restoration of vitamin A, with the evi- 
dences of epithelial repair for each rat showed without question that 
the degree of repair was commensurate with the recovery in 'weight 
and not "with the duration of treatment. Here again our inability 
to assign numerical values to degrees of presumable repair processes 
made attempts at charting results a futile performance. A clean-cut 
correlation 'with gain of weight in the repair period was found in the 
restoration of growth acti'vities of bone at epiphyseal-diaphyseal junc- 
tions. Owing to the fact that a plate of bone forms on the diaphyseal 
side of the atrophic metaphyseal cartilage in advanced A deficiency, 
it is possible to compare and probably to measure the amount of 
growth of long bones during the recover}^ period. Bones and teeth 
in recovery from A deficiency 'will be discussed elsewhere. 

Probably the most important factor in influencing recovcrv' from A 
deficiency is the presence or absence of infection. Important infec- 
tions were surprisingly rare in our animals. For example, death from 
pneumonia was a vcr>^ rare occurrence. Local suppuration was not 
uncommon in and adjacent to c>-sts of unusual size distended with 
desquamated epithelium. Ducts distended vnth comified cells and 
communicating with the mouth naturally afford a medium for growth 
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thelium persisted. This was true also in other glands where the par- 
enchyma had atrophied beyond repair as in the lacrymal and Harder- 
ian glands. In infected cysts with purulent contents the keratinizing 
epithelium persists, notably in bronchiectatic cavities in the limgs. 
The longest period was in a rat kept for 185 days on the deficient diet 
followed by 43 days treatment with butter fat. This rat showed 
keratinizing epithelium in bronchiectatic cavities and in the cicatrized 
remains of the Harderian glands. In all other locations normal epi- 
thelium had returned although cicatrices in the salivary glands and 
lacrymal glands gave evidence of previous lesions with infection. 

Repair of Epitheliums Normally Stratified . — This type of repair 
proved to be the simplest and applies to the first portion of the stom- 
ach where focal hyperkeratoses arise, to the conjunctiva, palpebral 
and corneal, the vagina and the urinary bladder. It was most easily 
followed in the corneal epithelium, palpebral conjunctiva and bladder. 

Promptly after restoration of vitamin A to the diet there is complete 
desquamation of keratinized cells. The effect of this can be followed 
in the living animal in the rapid amelioration of signs of conjunctival 
irritation. Even where the duration and degree of h 5 rperkeratosis of 
the cornea were such as to produce a vascularization of the cornea the 
return to the normal epithelium was prompt, 7 to 8 days, and complete. 
The blood vessels in the tunica propria persist for an undetermined 
period after the recovery of the epithelium. 

In the palpebral conjunctiva, mucus-secreting cells make their 
appearance in the deeper layers of cells before the desquamation of the 
superficial cells is completed. 

In the urinary bladder and vagina some vacuolization of cells pre- 
cedes the desquamation of the superficial keratinized cells and in early 
stages of repair indicates the line between the several layers of super- 
ficial degenerating cells and the lower viable layer of cells. Cellular 
infiltration is slight or absent (Figs. 3 and 4). Repair is completed by 
the cells of the basal layer assuming the morphology and functions of 
the normal type of epithelium. 

DISCUSSION 

While no mention has been made of each organ in which A deficiency 
metaplasia takes place, the repair phenomena have been studied in 
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tant infection were encountered both in the large untreated series and 
in the thirty-five treated rats. These were chiefly infections of bron- 
chiectases secondary to plugging of bronchioles with desquamated 
keratinized cells and abscesses of the base of the tongue following 
unusually large cj^sts produced by long continued accumulation of 
desquamated keratinized cells. That infections of the Ixmgs were not 
more co mm on is surprising in view of the fact that fairly early in the 
deficiency, the ciliated epithelium of the respiratory tract may dis- 
appear and that foreign particles — starch granules, for example, from 
the food — can occasionally be demonstrated in the alveoli of the lungs. 

The conviction we expressed in 1925 that the condition of vitamin A 
deficiency does not increase susceptibility to infection by bacteria re- 
mains and is strongly reinforced by all subsequent experiences. 

Since the repair phenomenon is accompanied by infiltration of the 
metaplastic epithelium and supporting connective tissue by wandering 
cells, we emphasize here that the metaplasia of A deficiency in rats, 
guinea pigs and human beings, does not excite an infiltrative reaction, 
no matter how long the deficiency has continued unless secondary 
infection has occurred. Bacteria and leucocytes may be present in 
great numbers in the superficial and desquamated keratinized cells 
without the deeper layers of the epithelimn or supporting tissues be- 
coming infiltrated by any type of wandering cell. 

Early in the study of the repair it became evident that the return to 
the normal type of epithelium was fairly abrupt and that the sequences 
were difficult to follow. The rapidity of the process and its initial 
elusiveness we now know are due to the fact that in the stratified kera- 
tinizing epithelium of A deficiency, the lowermost layer of cells, as in 
the stratum germinativum of epidermis, is composed of cells all capable 
of proliferation. The return to the normal epithelium is therefore a 
diffuse process in marked contrast to the focal proliferative response 
in the deficiency. No reparative change in epithelial tissues, bones 
or teeth, was seen in any animal before a substantial gain in weight 
had occurred as a result of the restoration of vitamin A to the diet. 
The shortest period therefore has been 6 days, while several rats cither 
failed to show any gain or gained vcr>’ slightly in periods as long as 14 
days. Most rats continued to decline in weight during the first few 
days after restoration of the diet. 
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and include the vacuolar degeneration, leucocytic infiltration and 
desquamation of cells we have describedd^ 

Another viewpoint to be considered is that the degeneration of cells 
and leucocytic infiltration represent inflammatory responses to the 
presence of cells become foreign after restoration of normal conditions 
of nutrition. 

As it is probable that in stratified epithelium the cells above the 
stratum germinativum are dependent upon the latter for sustenance, 
we may reason that all the events are secondary to the sudden shift in 
trend of differentiation in the cells of the stratum germinativum. We 
have described how the cells of this layer proceed to redifferentiate. 
Early in recovery they must therefore become an independent tissue 
unit, no longer contributing to overlying cells, and must act as a 
barrier between overlying cells and the supporting connective tissue 
with its blood vessels. If the degeneration of the upper cell layers is 
due to withdrawal of nutrition, autolysis might be regarded as a logi- 
cal consequence and the infiltration as a response to the presence of 
products of autolysis. However, the cytological appearances are not 
in accord with this theory in explanation of the vacuolar degeneration 
and infiltration, as both occur before the appearance of the usual 
familiar evidences of cell degeneration caused by withdrawal of nu- 
trition. On the whole, however, we are inclined to believe that the 
theor}’’ approximates the facts and that the unfamiliar appearances 
accompanying degeneration and death of the cells are due to latent or 
potential physiological properties of the cells suddenly released or 
activated by restoration of vitamin A. 

The fact of greatest interest is the preservation by the cells of the 
stratum germinativum, of the identity of the original epithelium 
throughout the period of metaplasia. The evidence is conclusive that 
all the cells of. this layer can assume the original functions and mor- 
phologN’^ without undergoing division when supplied with vitamin A. 
We may, therefore, conclude that the nuclear chromatin remains un- 
affected by the deficiency. 

We believe that careful cytological studies as the deficiency pro- 
gresses and during the recovery phenomena may yield interesting 
correlations between morphology’ and function. In 1925 we concluded 

“ Long, J. A., and E\-ans, H. McL., Mem. Ur.iv. California, No. 6, 1922. 
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final weight not recorded. Cross-sections of two ducts, each one probably pre- 
viously distended with keratinized cells. Note the vacuolar degeneration of re- 
maining cells, the absence of cornified cells, the leucocytic infiltration and the 
flattened cells of the basal layer. These ducts were in an atrophic cicatrizing re- 
gion of the gland, a condition not accompanied by complete restoration of the duct 
epithelium which usually reaches only a low cuboidal tj^je. 

Fig. 3. Renal pelvis. Rat 401. Repair in epithelium originall}’’ of transitional 
type. The cornified cells have desquamated. Intermediate layers in stage of 
vacuolar degeneration. 


Plate 37 

Fig. 4. Uterus, distal end of cervix. Rat 401. A more advanced stage of re- 
pair than in Fig. 1. The line of cleavage between surviving cells and degenerating 
cells clearly shown. The stroma is sparsely infiltrated with tymphoid cells, 
polymorphonuclear leucocytes and rarely a mast cell. 

Fig. 5. Submaxillary gland duct. Rat 405. 150 days on deficient diet, 10 
days on recover}^ diet. Recovery following incomplete metaplasia. There is 
slight vacuolar degeneration. Cells of basal layer in process of direct resumption 
of normal morphology. 

Fig. 6. Uterus, body, distal third. Rat 401. For duration of diets and weights 
of rat, see above. Repair following complete metaplasia. In right half of figure 
an epithelial “pearl” is disappearing by vacuolar degeneration and probable heterol- 
ysis through agency of leucocytes. Elsewhere the cornified epithelium has des- 
quamated, other superficial cells are separating from one another. The deeper 
layers show infiltration and vacuolar degeneration. 

Fig. 7. Trachea. Rat 336. This rat was kept on a partially deficient diet 
for 161 days, followed by 81 days on a completely deficient diet. To induce re- 
covery 13 intraperitoneal injections of cod liver oil concentrate were given in a 
period of 1 7 days. The rat died after a slight gain in weight apparently from toxic 
effects of the concentrate. The trachea shows repair following probable incom- 
plete metaplasia. There is evidence of desquamation of superficial cells. Cells 
of intermediate layers are surviving. There is considerable infiltration with mono- 
nuclear and polymorphonuclear cells. Infection cannot be ruled out as an ex- 
planation of the infiltration in the connective tissue. 

Plate 38 

Fig. 8. Sublingual salivary gland duct. Rat 393. 143 days on deficient diet, 

18 davs on recover}’’ diet. Initial ■weight 85 gm. ^laximum weight 128 gm. 
At end of deficiency diet, 109 gm. On the recover}- diet it gained 16 gm. in 12 
days; final weight not recorded. Cross-section of a duct showing repair after 
complete metaplasia. Note columnar basal cells, infiltration and cxtensi\e 
vacuolar degeneration. 

Fig. 9. Submaxillaiy gland duct. Rat 100. 181 days on deficient diet. To 
show complete metaplasia before the epithelium has become distorted by pressure 
of accumulated desquamated cells. 
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The above described events take place with varying rapidity. In 
the trachea the vacuolar degeneration and leucocytic infiltration may 
be so extensive as to give the appearance of actual disruption of the 
epithelium closely simulating an inflammatory reaction (Fig. 7). In 
this type of reaction the lowest layers of cells may in places be lifted 
from the basement membrane and are to be found arching above the 
wandering cells, pol 3 nnorphonudear and mononuclear in type. This 
picture may persist in the trachea until the epithelial cells have de- 
veloped basal bodies beneath the cuticular border in process of be- 
coming ciliated. 

Evidences of multiplication of cells in the deepest layer (correspond- 
ing to the stratum germinativum) are few as would be expected 
inasmuch as these cells are capable of undergoing differentiation with- 
out replacement. Mitotic figures were found in small numbers usually, 
however, in the later stages of repair (Figs. 5, 7 and 8). 

Summarized, the sequences in the return to the normal epithelium 
are vacuolar degeneration of cells and leucocytic infiltration above the 
layer of undifferentiated cells with the formation of two strata, an 
upper non-viable stratum and a lower stratum, of which every cell is 
capable of multiplication or differentiation. The upper stratum dis- 
appears by degeneration and lysis (probably both autolysis and heterol- 
ysis are involved) and the lower stratxnn develops into cells normal 
for the location. 

Where small ducts are distended b}’' the accumulation of keratinized 
cells to a degree resulting in compression of the deepest cell layer, the 
vacuolar degeneration and separation of cells dominate the picture 
(Fig. 2) and the result for a time is that only a layer of flattened cells 
remains. These subsequently multiply and assume approximately 
normal cuboidal or cylindrical shapes. 

We have not ascertained the time required in rats wath satisfactory 
gain in weight for completion of epithelial repair. In several rats 
which resumed their normal rate of growth as shoum b\' weight cur\'cs 
and less accurately by active growth of bones over periods of from 15 
to 22 daj’s follo\%mg restoration of ritamin A to the diet, repair was 
far advanced in all situations and complete in most. In all rats where 
large ej’^sts had formed, such as those frequently found in the salivarv 
gland and particularly at the base of the tongue, the keratinizing epi- 
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all locations mentioned in onr previous reports. We have restudied 
the sections of all of our A-deficient rats and guinea pigs and again 
conclude that the replacement of stratified keratinizing epithelium is 
identical in all locations and comparable in all its layers vrith epider- 
mis. This restudy also permits us to state that the masking of the 
original epithelium is in every location a complete one. We could 
find no clue for identifying former normal characteristics in the re- 
placement epithelium of the deficiency in any organ. 

The phenomena of recovery are common to all locations and in each 
location the normal type of epithelium returns via differentiation of 
the viable cells of the lowermost layers which correspond to those of 
the stratum germinativum. For the duration of our experiments we 
must conclude that the cells capable of multipl)dng preserve their 
identities. There is, however, a suggestion that permanent loss of 
identity may occur after functional destruction of the organ as a 
whole because of the persistence of stratified keratinizing epithelium 
in infected C 3 ^ts and in cicatrized glands for the longest repair period 
— 43 days — of our series. 

The sequences in repair indicate that in recovery from A deficiency, 
all cells which have progressed to a certain degree toward keratiniza- 
tion either degenerate m situ and disappear or are cast off and dis- 
appear. The line of demarcation between the viable and non-\nable 
cells must represent that layer of cells where differentiation has pro- 
gressed to an irreversible stage. This layer is close to the stratum 
genninativiun, probably not above the second la 3 ’er of cells and prob- 
ably most often includes all cells above it. 

The metaplasia of A deficiency and its recover\" is a cycle that 
probably does not occur in animals in natural habitats. The fact 
invites speculation regarding the mechanism of repair. Repair proc- 
esses following physical and chemical injurious agents have, in general, 
counterparts to be found in normal growth processes. The only 
normal process which involves mechanisms similar to those in rccoverj" 
of epitheliums in A deficiency- is that of the changes in the vacina of 
rodents during the estrous cycle. Here the sequences involved" in the 
periodic comification of the vaginal mucosa bear some resemblance 
to those of A deficiency metaplasia while the sequences concerned in 
the reverse changes are very similar to recovery changes in A deSdena- 
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phagocytosis, we give here a summary of the principal views on thi 
subject. 

Perhaps the majority would agree witli Topley and Wilson’s (3) description c 
the manner in which virulent bacteria are prepared for phagocytosis: 

“Both normal opsonins and immune opsonins, or bacterio tropins, have a dual structur 
in a sense that they involve, or may involve, the combined action of a specific sensitizini 
antibody and complement; but that the very low concentration of the specific antibodie 
in normal serum necessitates the adjuvant action of a considerable amount of complemen 
before its presence can be detected, so that the complementary action appears to dominat 
the picture, while the high concentration of the specific antibody in an immune serum re 
duces the adjuvant action of the complement to a mere enhancement of an effect whicl 
takes place in its absence.” 

There is not, however, universal agreement with this simple conception. Neu 
feld (4), one of the acknowledged authorities on this subject, maintains that then 
are two heat-stable phagocytic antibodies distinct from one another: (a) tht 
tropin, either normal or immune, which does not require the aid of complement tc 
bring about phagocytosis; (b) the opsonic amboceptor, either normal or immune, 
which does require the addition of complement to activate it. Muir (5) states that 
although specific opsonization (as distinct from tropinization) is always dependent 
on the combined action of a specific antibody and complement, nevertheless com- 
plement may unite directly with bacteria to bring about a non-specific opsonization. 

Owing to the looseness with which the words “opsonin” and “tropin” have been 
applied to various phagocytic phenomena in the literature, we give here, to avoid 
confusion, the sense in which these terms have been employed in the ensuing 
description of our experiments: “Opsonin” is that property of unheated serum 
which prepares organisms for phagocytosis. “Tropin” is that property of heated 
serum which, by itself, prepares organisms for phagocytosis. We have used these 
terms in the description of our experiments because they are familiar to most 
workers in this field. Nevertheless, on the basis of our experimental results, in 
the discussion we shall urge the rejection of the term “tropin” and suggest a modifi- 
cation in the sense of the term “opsonin.” 

The experiments to be described deal primarily with the role of the 
anti-t}^e-specific carbohydrate antibody (hereafter to be alluded to 
as the anticarbohydrate antibod}^) as an opsonic or tropic agent, and 
with a study of the properties of normal and immune sera which pro- 
mote phagocytosis after this antibody has been eliminated by the 
addition of the specific carbohydrate in appropriate amounts. During 
the course of this work, the state of the organisms themselves has not 
been disregarded, and studies have been made on the phagocytosis of 
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contents were mixed rapid rotation of the tube after the addition of each sub- 
stance. The tubes were then sealed and warmed b}^ immersion in water at 37°C. 
for a few minutes. After being dried, the tubes were put into a revolving box 
(rotating at a rate of 15 r.p.h.) placed in a 37®C. incubator. At the end of 30 
minutes, the tubes were opened, smears of the contents were made and stained 
with Wright’s stain. In general, the organisms in 50 polymorphonuclear neutro- 
philes were counted, but where the number of phagocyted cocci was few, making 
the result doubtful, the bacterial content of 100 cells was recorded. In counting, 
a diplococcus was regarded as a single organism. The accurac}’' of the technique 
which has been described was checked in this manner: 5 smears were made from 
each of 2 tubes containing 0.5 cc. of defibrinated blood, and 1 drop of a suspension 
of pneumococci, after the tubes had been rotated at 37°C. for half an hour. The 
organisms in 50 leucocytes were counted in each smear. The counts of the 5 
smears made from the contents of tlie 2 tubes were; 425, 447, 460, 451, 493, and 
473, 479, 511, 502, 485, The maximum deviation from the mean of the 10 counts 
is 10 per cent, and the maximum difference between the highest and the lowest 
count is 20 per cent of the latter. 

The investigation of the weak tropic action of heated normal human serum 
demanded a modification of the technique described above. To the serum, which 
had been heated to 56®C. for 30 minutes, were added the various materials to be 
tested and then the bacterial suspension. The tubes were tlien placed in the ice 
box at 4°C. for 18 hours, after which washed corpuscles were added in equal volume. 
The mixtures were rotated for 30 minutes at 37°C. in the usual manner, and the 
phagocytic counts made. In the study of the tropic action of immune serum, the 
dilution of antiserum chosen was added to a mixture of heated normal serum and 
washed corpuscles, and after the addition of the various reagents and organisms, 
the tubes were incubated for 2 hours in the rotating machine. Essentially the 
same procedure was adopted in investigating tlie opsonic action of immune serum, 
save that a dilution of unheated normal serum was also added. Heated normal 
serum was used to suspend the corpuscles instead of normal saline solution, since 
it was found that in the latter medium the leucocytes showed little or no capacity 
to ingest sensitized organisms. 

Bactericidal tests with defibrinated blood were carried out by tlie technique 
described b}'' Ward in a pre\dous communication (2). 

The Opsonic Action of Normal Human Scrum 

The Determination of an Amount of Specific Carbohydrate Necessary 
to Neutralize the Ho^nologous Antibody tn Normal Serum. ^As a basis 
for these experiments on phagocytosis, it was necessary to demonstrate 
tlie presence of tlie small amount of anticarbohydrate antibody in 
normal scrum. The most delicate test we have at our disposal for 
detecting tlie presence of this antibody is the determination of the 
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which removes the bactericidal power of normal blood, does not 
invariably render ineffective the phagocytic mechanism. This is 
strikingly shown by the results recorded in Table II. In this experi- 
ment, where 24 hour cultures were employed, it will be observed that 
in no case did the addition of the specific carbohydrate completely 
suppress the phagocytosis, and in only one case was the phagocytosis 
by the normal blood alone reduced more than two-thirds by the 
presence of the carbohydrate. The results of an investigation into 
this residual phagocytosis will be presented subsequently. 


TABLE II 



Type of 
pneumococcus 

Concentration of 
carbohydrate 

No. of organ* 
isms phagocytec 
by 50 cells 

Cells taking 
part 

Normal Blood E 

I 

0 

512 

per cent 

100 


I 

Type I, 1:800 

249 

98 


II 

0 

583 



II 

Type II, 1:800 

43 

38 


III 

0 

818 



III 

Type III, 1:800 

525 

100 

Normal Blood W 

I 

0 

183 

96 


I 

Type I, 1:800 

166 

92 


II 

0 

271 

98 


II 

Tj^e II, 1:800 

125 

78 


III 

0 

617 

100 


III 

TjT)eIII, 1:800 

630 

100 


Another experiment, the details of which are not given here, showed 
that the reduction in the degree of phagocytosis produced by the 
specific carbohydrate is, as one would expect, type-specific. 

When, however, instead of 24 hour cultures, 8 hour cultures were 
used in the same experimental procedure, the specific carbohydrate 
exerted a much stronger antiphagocytic effect, except in the case of 
Type I. When the organisms were taken directly from the mouse 
peritoneum, the influence of the specific carbohydrate was still more 
marked. The experimental data of these two c.vperiments are assem- 
bled in Table III. In addition to showing the presence of an opsonic 
factor distinct from the anticarbohydrate antibody in the phagocytosis 
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Our own work has not borne this out, but the difference in technique 
may well account for the discrepancy. 

The Analysis of the Opsonic Mechanism in Normal Human Blood . — 
It remained to determine whether tlie anticarbohydrate and residual 
factors were heat-stable and in conjunction with complement brought 
about immediate phagocytosis according to the description of Topley 
and Wilson (3), to which aUusion has already been made. The experi- 
mental evidence on which tliis is based is largely derived from the work 
of Dean (11) and Cowie and Chapin (12). The latter authors showed 
that, in the case of the Staphylococcus albus, an amount of unheated 
normal serum, in itself practically without any opsonic effect, was able 
to reactivate completely normal serum, the opsonic activity of which 
had been almost entirely removed by heating. We have attempted, 
unsuccessfully, to confirm their results, emplo>dng Type I and Type II 
pneumococci as the test organisms. Our results showed that it was im- 
possible to reactivate the heated normal serum with diluted unheated 
normal serum, and therein they agree essentially with those obtained 
many years ago by Wright and Douglas (13), working with the staphy- 
lococcus. Perhaps the success of Cowie and Chapin’s procedure lay 
in their choice of an organism of low virulence. As we shall see, the 
conclusion of Cowie and Chapin, tliat opsonic action depended on the 
combined effect of a thermostable element with complement, is correct, 
but, to demonstrate its validity for the virulent pneumococcus, a mudi 
greater concentration of complement was found to be necessary in 
order to reactivate the heated normal serum. As a source of comple- 
ment which could be used in tlie highest possible concentration and 
still be free of antibody, the serum of infants below the age of 12 
months was employed. The complement titre of such sera for sensi- 
tized sheep red blood cells was in general as high as that of adult sera, 
but the opsonizing action was negligible. In Table IV, we present the 
results of an experiment in whidi the undiluted adult Sera E and W 
and undiluted infant’s serum were used in equal proportions. Washed 
corpuscles and organisms were added to these mixtures. 

The condusions to be drawn from these results are as follows: 

1. The infant’s serum exerted a negligible degree of opsonic action 
for T>'pes I and II pneumococcus (Tubes 1 and 6). These small 
counts in the presence of abundant complement indicate that Aluir’s 
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adjuvant action of a thermolabile constituent, other than complement, 
in the adult serum. 

5. The residual factor is thermostable (Tubes 3 and 8); and the 
differences between the counts of Tubes 2 and 3 and of Tubes 7 and 8 
indicate, without proving conclusively, that the anticarbohydrate 
antibody is also heat-stable. Other experiments that we have per- 
formed leave no doubt that this antibody, as it occurs in normal serum, 
is resistant to heat. 

The Nature of the Residual Factor . — The last experiment demon- 
strated that part of the phagocytosis of Types I and II pneumococcus 
by normal blood was due to a factor, other than tlie anticarbohydrate 


TABLE V 



Type of 
pneumo- 
coccus 

Concentration of 
carbohydrate 

No. of 
organisms 
phagocyted 
by 50 cells 

Cells 

taking 

part 

Unabsorbed unheated normal serum i 

I 

0 

392 

per cent 

100 

+ washed corpuscles i 

I 1 

Type 1, 1:800 

185 

86 

1 

II 

0 

351 

100 


II 

Type II, 1:800 

141 

86 

Type I-absorbed unheated normal 

I 

1 

0 

21 

18 

serum + washed corpuscles 

! I 

Type I, 1:800 

8 

8 


II 

0 

186 

82 


II 

Type II, 1:800 

79 

60 


antibody, acting in conjunction with complement. It further made 
clear that this factor was resistant to a temperature of 56°C. This 
characteristic suggests its inclusion among the natural antibodies of 
the serum. Were it possible to show that it is type-specific in its 
action, it would strengthen the probability of its identification as an 
antibody. Our evidence in regard to its type specificity is not entirely 
conclusive. In our hands, the type-specific absorption of the opsonins 
of normal serum proved difficult, although Sia (14) reported successful 
results in this kind of experiment. We, however, observ'cd a marked 
reduction of the opsonic content of tlie scrum for a heterologous type, 
and this with practically no diminution in the complement content of 
the absorbed serum. We give in Table V the results of one of the 
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INTRODUCTION' 

Recent investigations (1, 2) on tEe pnemnococcidal power of serum- 
leucoc 3 de mixtures and of defibrinated human blood have demon- 
strated that the specific carbohydrate of the pneumococcus exerts a 
strong and type-spedfic antibacteriddal action in such systems. As 
it is well known that ingestion of the pneumococcus by the leucoc}d;es 
is essential for the destruction of this organism, the suggestion has 
been made by Sia (1) and Ward (2) that the spedfic carbohydrate 
inhibits the bacteriddal properties of these systems by uniting with its 
corresponding antibody, and thus completely preventing the opsoniza- 
tion and subsequent phagoc>i.osis of the organisms. For they thought 
it probable, in the absence of direct c-xperimental eyddence, that this 
antibody was an indispensable factor in the process of opsonization. 
We have found, however, that the addition of a quantity of the spedfic 
carbohydrate which will suppress the bacteriddal action of defibri- 
nated human blood does not prevent, under certain conditions, the 
phagocytosis of yirulent pneumococd. 

With this obser\'ation as a basis, we were led to reinvestigate the 
phagocytic mechanism in the case of the pneumococcus. The e.xperi- 
mental results thus obtained not only served to clarify this spcdal 
problem, but seemed to us to have a genera! application to the various 
theories of phagocytosis, in that tliey eluddatc the function of a single 
well defined antibody in tlic mechanism of this phenomenon. Since 
even now there is not universal agreement concerning the nature and 
mode of action of the %-ariou5 serum constituents taking part in 
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has been confirmed. It is logical to think that this residual tropic 
factor is the same as the residual opsonic factor, and that in the heated 
normal serum this factor acts by itself, and in the unheated normal 
serum its effect is markedly enhanced by the presence of complement. 

In parallel experiments in which 8 hour cultures and organisms from 
the mouse peritoneum were used, no tropic action could be demon- 
strated except that the anticarbohydrate tropin of Serum E was able 
to bring about phagocytosis in both instances in the case of Type II. 

The Ej^ect of the Specific Carbohydrate on the Tropic Action of Immune 
Serum . — The results of an experiment planned to determine the effect 


TABLE VI 



Type of 
pneumo- 
coccus 

Concentration of 
carbohydrate 

No. of 
organisms 
phagocyted 
by 50 cells 

Cells 

taking 

part 

Heated Serum E + washed cor- 

I 

0 

81 

per cent 

22 

pusdes 

I 

Type 1, 1:800 

17 

4 


II 

0 

174 

32 


II 

Type II, 1:1,600 

3 

4 


III 

0 

451 

52 


III 

TypeHI, 1:1,600 

36 

44 

Heated Serum W + washed cor- 

I 

0 

2 

1 

4 

pusdes 

I 

Type 1, 1:800 

0 

0 


II 

0 

0 

0 


II 

Type II, 1:1,600 

1 

2 


III 

0 

197 

50 


III 

Type III, 1:1,600 

53 

50 


of the specific carbohydrate on the tropic action of the immune serum 
are summarized in Table VII. Here it will be seen that the addition 
of the homologous carbohydrate completely abolishes the tropic action 
of the immune serum, except in the case of the Type I antiserum. In 
tlie latter, the failure of the Type I carbohydrate completely to nullify 
the phagoc 3 ffosis is probably due to the comparative weakness of this 
carbohydrate in its neutralizing properties. It is also ewdent that the 
action of the various carbohydrates is strictly specific. With the 
possible exception of Tj'pe I antiserum, there is no suggestion that a 
factor analogous to the residual factor in the normal serum is present 
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cultures of varying age, and of pneiimococci taken directly from the 
animal body. 

Makrials 

The following materials were tised in the course of these experiments. 

Human blood defibrinated by shaking with beads and used on the same day it 
was wathdrawm. In the most important experiments the blood of the authors was 
used, neither of whom had any histor>" of pneumococcus infection. In certain 
other experiments, adult blood obtained from the Wassermann dispensaiy^ was 
employed. In two experiments, we made use of infants' blood, the infants being 
7 and 12 months old, respectively, Whm washed corpuscles were required, the 
defibrinated blood w’as centrifuged, the supernatant serum removed, and the 
red and white corpuscles washed three times with normal saline solution. In the 
cases where inactivated serum w'as added, it was heated to 56°C. for 30 minutes. 

Particular pains w’ere taken to maintain the virulence of the three t>q>es of 
pneumococci employed. The organisms were passed through mice at least once a 
week and during most of the work, twice a week. Cultures for use in the experi- 
mental w’ork were grown in rabbit blood infusion broth, and in order to eliminate 
any antiphagocj^tic effect of the soluble products of the pneumococci in the culture 
broth, the culture w*as centrifuged shortly before using, and the organisms sus- 
pended in sufficient fresh broth to >-ield a threefold concentration of the pnemno- 
cocci. To obtain organisms fresh from the animal body, a mouse was injected with 
0.5 cc. of a 1 :200 dilution of a 24 hour broth culture. The mouse was killed after 
12 hours, and the peritoneal cavity washed out with about 1.0 cc. of broth. The 
organisms w'cre separated from the w^ashings by centrifugation, and resuspended 
in the same amount of fresh broth. WTien organisms were used for absorption, 
they were grown in 0.1 per cent dextrose infusion broth at 37°C. for 18 hours. 
The quantity of scrum to be absorbed was added to the organisms centrifuged from 
an equal quantity of the broth culture. The mixture of serum and organisms, after 
standing together at 37®C. for half an hour, was centrifuged at 2,000 for 45 
minutes. The scrum thus absorbed was removed from the organisms. 

The specific carbohydrates were prepared according to the procedures described 
by Aver>’ and Heidclbcrgcr (6, 7), 

The Type I and Tjpe II antisera used were prepared in rabbits and the T>T>e III 
antiserum in a horse. 


TeeJmique 

In carpdng out the experiments, the following technique was employed:^ 0.5 ca 
of defibrinated blood, or a mixture of scrum and washed corpuscles was placed in 
a pyrex glass lube 10 cm. long, 7 cm. inside diameter, and the organisms and %-arious 
reagents a dded in this order: antiserum, specific carbohydrate, organisms. The 

' For more complete details of this technique, sec article by Ward (2) 
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addition of complement did not increase the amount of phagocytosis 
due to the antiserum, in contrast to those in which an adjuvant action 
of the thermolabile substance was demonstrated. However, this dis- 
tinction has long somewhat confused our conception of the factors 
concerned in the mechanism of phagocytosis, and on the basis of the 
evidence presented below, is in our opinion unnecessary. 

It has been shovm already (Table VII) that the tropic action of a 
diluted Type III antiserum is caused by the Type III anticarbohydrate 
antibody. If it could be demonstrated that a small amount of com- 
plement increased the amount of phagocytosis, and that this increase 


TABLE vin 



Type of 
pneumo- 
coccus 

Concen- 
tration 
of type- 
spccific 
anti- 
serum 

Concentration ot 
carbohydrate 

Concen- 
tration of 
unheated 
normal 
serum 

No, of 
organisms 
phago- 
cyted by 
50 cells 

Cells 

taking 

part 

Heated normal serum 

in 


0 

0 

182 

^cr cent 

22 

+ washed corpuscles 

III 

1:800 

Type 1, 1:800 

0 

326 

40 


III 

1:800 

Type II, 1:800 

0 

367 

46 


III 

1:800 

Type III, 1:800 

0 

0 

' 0 


III 

0 

0 

0 

1 

2 


III 

1:800 

0 

1:16 

740 

66 


' III 

1:800 

Type I, 1:800 

1:16 

1,097 

96 


I in 

1:800 

Type II, 1:800 

1:16 

886 

SO 


! Ill 

1:800 

Tj^e III, 1:800 

1:16 

56 

34 


! Ill 


0 

1:16 

38 

25 


was due to the anticarbohydrate antibody acting in conjunction with 
complement, then Neufeld’s contention, that there were two distinct 
antibodies involved, would be proved to be incorrect. Table VIII 
contains the results of an experiment in which a Type III antiserum 
is shovm to exert a tj^De-specific tropic action by virtue of its anti- 
carbohydrate antibody. Here it may also be seen that this tropic 
action is markedly increased by the addition of a small amount of 
unheated normal serum. In both cases, however, when the specific 
carbohydrate is added, the effect of the anticarbohydrate antibody is 
removed, showing clearly that the same antibody can act as an immune 
tropin or as an immune opsonin, to employ the tcrminolog>’’ of Neufeld. 
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bactericidal titre of defibrinated blood against the virulent organism 
(8). The same test offers the most accurate method of ascertaining 
the quantity of specific carbohydrate required to neutralize this 
antibody in normal and immune serum. In Table I, the results 
recorded demonstrate the effect of the specific carbohydrate on the 
bactericidal power of the two bloods which have been used in most of 
the experiments. The tjqje specificity of the antibactericidal action 
of these substances is not shown, since this has been pointed out in 
previous papers (1, 2). From Table I it can be seen that in the case 
of Normal Blood E, the bactericidal power of the blood against Type I 


TABLE I 



Tj-pc of 
pneumococcus 

Concentration of carbohydrate 

Maximum No. 
of diplococci mied 
by 0^ cc. blood 

Normal Blood E 

I 

0 

70,000 


I 

1 Typtl, 1:800 

1 7 


n 

0 

40,000 


II 

Typen, 1:1,600 

' 0 


m 

0 

4,000 


m 

Type m, 1:1, 600 

0 

Normal Blood W 

I 

0 

0 


I 

Type 1, 1:800 

0 


n 

0 

40,000 


n 

Type 11,1:1,600 

0 


in 

0 

40,000 


m 

Typein, 1:1,600 

0 


pneumococcus is reduced 10,000 times by the addition of an amount of 
specific carbohydrate which was used subsequently in the course of 
the phagocytic e.xperiments. In the case of Tj^ies 11 and III, and in 
that of all three tjqDes with Normal Blood \V, the bactericidal titre was 
reduced to nil. It will also be noted that Normal Blood W, without 
the addition of the carbohydrate, possessed no bactericidal power 
against Tj^ie I, which indicated that this blood was completely lack- 
ing in Tj^je I anticarbohydratc antibody. 

The Ejjccl of the Specific Carbohydrates or. the Opsonic Action of 
Lnhcatcd Kortnal Scrum. — Allusion has been made already in this 
paper to our observation that an amount of the specific carbohydrate 






542 


ANALYSIS OF OPSONIC AND TROPIC ACTION 


It had been determined previously that the phagocytic effect of the 
antiserum in the concentration chosen for the experiment was entirely 
removed by the addition of an appropriate amount of the specific 
carbohydrate. This fact clearly indicates that the phagoc 3 ffic anti- 
body involved in the experiment is the anticarbohydrate antibody. 



The results obtained in tlie experiment are summarized in the form of 
a graph (Fig. 1). It will there be noted that the phagocytosis due to 
the antiserum alone increases at a uniform rate throughout an interval 
of S hours, but where complement is present the curve of tlie phagocytic 
count rises steeply and attains its ma.ximum after 2 hours at the latest. 


HUGH K. WARD AND JOHN T. BIDDERS 


533 


of 24 hour cultures, these experiments indicate that as the organism 
approaches and attains to the state in which it exists in the animal 
body, the less effective is the residual factor, and the more necessary 
is the anticarbohydrate factor in causing phagocytosis. This generali- 
zation does not apply to the Type I pneinnococcus, where even the 
organisms taken from the mouse are susceptible to the opsonic action 
of the residual factor. 

Our findings in respect to the Type in organisms may explain the 
old observations of von Gruber and Futaki (9). These authors noted 


TABLE EH 



TjTje of 
pnetimo- 

COCCU3 

CoTsceotratjoTj of 
carbohydrate 

Ko. of 

organisms from 
8 hr. cnlturc 
phagocj’ted 
by 50 cells 

Cells 

taking 

part 

Ko. of 

organisms from 
motisc 
peritoneum 
phagocyted by 
50 cells 

Cells 

taking 

part 

Normal 

I 

0 

408 

perctrA 

98 


fcrcerA 

1 98 

Blood 

I 

T>T)eI, 1:800 

438 

96 


t 72 

E 

II 

0 

! 544 

98 


74 


II 

Type n, 1:1,600 

0 

0 


2 


ni 

0 

500 

100 

4 

6 


m 

Typein, 1:1,600 

11 

8 

0 

0 

Normal 

I 

0 

269 

95 I 

14 

12 

Blood 

i 

Type 1, 1:800 

235 

84 ! 

18 

12 

W 

II 

0 

336 

82 

8 1 

12 


n 

T>T)en, 1:1,600 

6 

6 


12 


m 

0 

329 

96 

4 

6 


m 

T>'pe m, 1:1,600 

104 

54 

4 

4 


that, whereas fully \nrulent but uncapsulated anthrax organisms were 
readily phagocyted both in ‘siiro and in vizo, the same strain when 
capsulated was completely resistant to phagocytosis. One would 
venture to predict that it will be found that the virulent uncapsulated 
anthrax bacilli can be opsonized by a serum component corresponding 
to the residual factor mentioned above in the case of the pneumococcus° 
but that this factor is powerless to bring about the phagocjlosis of the 
capsulated organisms. Robertson and Sia (10), in their work'on the 
opsonization of Tj-pc I pneumocoed by dog’s blood, found an absolute 
difference in the degree of phagocj-tosis of old and voung cultures 
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For if the organisms are dispersed and yet prepared for ingestion, it is obvious 
that the chance of contact with the leucocytes is greater than where the organisms 
are aggregated, as occurs when phagocytosis is delayed. This reasoning is sup- 
ported by an experiment in which the organisms were allowed to agglutinate in 
unheated and heated serum for some hours at 4°C., and then exposed to the action 
of washed leucocytes. The distribution of the organisms among the phagocytes 
was typical in both cases of that which is found in delaj’^ed phagocj'tosis. 

DISCUSSION 

It has been clearly demonstrated in the foregoing experiments that 
the type-specific anticarbohydrate antibody is capable by itself of 
preparing the pneumococcus for phagocytosis in heated nonnal and 
immune serum, — in other words, it may act as a normal or immune 
tropin. With the effect apparently increased in the presence of 
complement, the same antibody may be responsible for the opsonic 
action of unheated normal and immune serum. In the case of immune 
serum, at least, we have presented evidence which indicates that this 
augmentation due to complement is rather an acceleration in the rate 
at which phagocytosis takes place than any absolute enhancement of 
the phagocytic count. For it is apparent from the experiment pre- 
sented that if this antibody is allowed to act on tlie organism for a 
sufficient length of time, the degree of phagocytosis readies the same 
approximate level, whether complement be present or absent. The 
practical difficulty of prolonged exposure has made similar e.xperimen- 
tation ivith normal serum impossible, but by analogy it is reasonable 
to suppose that complement has no other function than that of acceler- 
ating the phagocytosis of pneumococci by unheated normal serum. 

If it is permissible to generalize from the data obtained by the study 
of one organism, it appears that the fundamental reaction, which 
occurs when an organism is prepared for phagocytosis eitlier by normal 
or immune serum, is the union of a specific antibody with its antigen. 
This is essentially tlie conception held by the majority of observers 
and e.\prc 5 sed by Toplcy and Wilson (3) in the passage quoted in the 
introduction. Further, Mudd and his associates (IS) have shown that 
this is the underlying principle also in the phagocytosis of colloidal 
particles coated with protein and subsequently treated with homolo- 
gous protein antiserum. However, divergent dews and e.xperimental 
data not strictly in accordance with this generalization have serw'cd to 
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medium were readily taken up by the leucocytes, whereas these organ- 
ism when derived directly from the animal body were wholly resistant 
to phagocytosis by normal blood. In this study we have concerned 
ourselves rather with the meclianism of phagocytosis than with the 
correlation of this phenomenon with resistance to infection, but it is 
obvious that in any attempt to link up phagocytosis with infectious 
processes, more attention should be paid to the organism as it exists in 
the body than to the same strain growing in a test-tube. 

CONCLUSIONS 

1. In normal unheated human serum, virulent pneumococci may 
be prepared for phagocytosis by two separate antibodies, acting in 
conjunction with complement. One of these is the type-specific anti- 
carbohydrate antibody reacting with the carbohydrate fraction of the 
pneumococcus. The other is probably also a type-specific antibody, 
but quite distinct from the former, and tlierefore must react with a 
different antigenic constituent of the bacterium. 

2. In the normal human serum heated to 56°C., these two antibodies 
may, after prolonged contact with the organism, promote phagocytosis 
of the pneumococcus without the adjuvant action of complement. 

3. Although these two antibodies are equally effective in the phago- 
cytosis of 24 hour culture organisms by normal blood, the anticarbo- 
hydrate antibody tends to become the predominant factor as the 
pneumococci approach the state in whicli they exist in the animal body. 

4. In so far as we have been able to show, the anticarbohydrate 
antibody is the only antibody in immune serum whicli can induce 
phagocytosis. This substance by itself is active in a phagocytic sys- 
tem, but just as in the normal serum, complement enhances its effect. 
The failure to demonstrate the presence in the immune serum of an 
antibody, distinct from the anticarboh 3 ’-drate antibody, analogous to 
tliat found in the normal serum, may be due to the c.xpcrimental 
diflicult}’’ of removing all the anticarboh^'^drate antibody from a con- 
centrated immune serum. 

5. Thus it is seen that a single well defined antibody (the anti- 
carbohj'dratc antibod\’) ma}' be responsible for the phagocytic action 
of normal unhcatcd scrum, normal heated scrum, inactivated immune 
scrum, and immune serum activated b\' complement. These facts 
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more successful absorption experiments, in which a normal serum was 
absorbed with Type I pneumococcus. Here, in addition to showing a 
type-specific reduction in the total opsonic effect (Type I from 392 of 
21 ; Type II from 351 to 186), it will be noted that there is also a tj^e- 
specific reduction in the phagocytosis, due to the residual factor 
(T 3 T>e I from 185 to 8; Type II from 141 to 79). 4 per cent only of 
the residual factor remains in the case of the homologous organism, 
whereas 56 per cent was left for the heterologous pneumococcus. Al- 
though this is not a conclusive experiment, we believe that this opsoniz- 
ing agent is type-specific. Additional evidence in support of this 
opinion may be found in the quantitative variation in the phagocytic 
activity of Bloods E and W against the three types of pneumococcus 
after the anticarbohydrate factor has been eliminated (Tables II and 
III). For if the residual factor was non-specific, the titre of the 
residual phagocytosis for all three types of pneumococcus would 
presumably be higher or lower in Blood E than it is in Blood W, but 
this is not the case. 

The Tropic Action of Heated Normal and Immune Serum 

The Effect of the Specific Carbohydrate on the Tropic Action of Heated 
Normal Human Serum . — So far as we are aware, there is no reference in 
the literature concerning the occurrence in heated normal human 
serum of tropins for the pneumococcus, although Robertson and Sia 
(10) have demonstrated that heated swine serum promotes phago- 
cytosis of the TjTpe I pneiunococcus. Employing the technique 
described at the beginning of the paper, it was possible to show, as will 
be seen from an examination of Table \T[, that some tropic action can 
be exerted by normal heated human serum on 24 hour cultures of 
pneumococci. It will be noted that a marked difference exists in the 
amount of normal tropins in the sera of the two individuals. Further, 
the addition of the specific carbohydrate brings about a significant 
reduction in the phagocytic count. That this reduction is unques- 
tionably t}q)e-specific has been demonstrated in two experiments 
which arc not given here in detail. Nevertheless, in the case of Tjqjes 
I and III, the specific carbohydrate, as in the case of the normal opso- 
nins, does not completely prevent phagocjlosis. In two other experi- 
ments, the presence of a factor causing this residual phagocjdosis 
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in the inmnme serum in the dilutions that were used. Were it possible 
to test stronger concentrations of antiserum, a residual factor might 
be revealed, but the very great amount of carbohydrate required for 
neutralization of large quantities of the homologous antibodymakes 
this impractical. It must therefore remain undete r mined for the 
present whether the residual antibody is increased as a result of 
immunization. 

The Enhancetnent of the Tropic Action of hnmune Serum by the 
Addition of Complement. — ^W'e have already mentioned in the introduc- 


TABLE vn 



Type of 
pneumo- 
coccus 

Canccntm- 
tion of 
type-specific 
antiserum 

Concentration of 
specific carbohydrate 

No. of 
organisms 
pbagocyted 
by 50 cdls 

Phagocytes 
taking part 

Heated normal serum 

I 

1:400 

; 0 

357 

mm 

“h washed corpuscles 

I 

1:400 

T>T>e 1, 1:800 

30 



I 

1:400 

n, 1:800 

238 

68 


I 

i 1:400 

Type m, 1:800 

412 

74 


I 

0 

0 

4 

2 


II 

1:32 

0 

414 

44 


n 

1:32 

Type 1, 1:800 

369 

72 


n 

1:32 

Tj’pe n, 1:800 

5 

6 


II 

1:32 

Type m, 1:800 

413 

66 


n 

0 

0 

12 

4 


m 

1:800 

0 

182 

22 


m 

l:Sbo 

Type 1, 1:800 

326 

40 


HI 

1:800 

T>'pen, 1:800 

367 

46 


in 

1:800 

T>*pe in, 1:800 

0 

0 


III 

0 

0 

1 

1 


tion the \new held by Neufeld (4), who maintains that the tropin of 
immune serum is a non-complex substance, the action of which is not 
increased by the addition of complement, whereas any increment m 
the amount of phagccj-tosis observed on the addition of complement 
to immune serum is to be attributed to an immune opsonic amboceptor 
which is distinct from the tropin and, like a Ijlic antibody, entirely 
inert in the absence of complement. This hj-pothesis of Xeufeld was 
formulated to e.\-plain the results of certain e.xperiments in which the 
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in diameter at the end of 24 liours^ growth. These are somewhat drier in appear- 
ance than those of tlie freshly isolated spinal fluid strains and tend to remain 
discrete even when closely apposed. Under the binocular field microscope they 
appear domed witla regular round margins and a smooth glistening surface (Fig. 1). 
Prolonged growth, up to 72 hours, gives rise to no secondar}" growth; the colonies 
become brownish in color and faintty granular, undergoing desiccation with the 
medium itself; subculture is now no longer possible. 

Fresh Strains fro7n Cerebrospinal Flmd. Smooth Forms . — The majority of 
strains freshly isolated from the cerebrospinal fluid form, after 24 hours^ grow^tli 
on blood agar plates, large flattened colonies which are pearly grey and lenticular 
with gradually shelving sides and a round and entire outline. The surface is 
smooth, or but slightl}^ granular, and distinctly moist (Fig. 2). Single colonies 
may measure up to 4 mm, in diameter but there is a tendency for neighboring 
colonies to coalesce with the formation of a sheet-like grow^th. At the end of 36 
hours some of these freshly isolated strains show colonies with a somewhat uneven 
surface due in large part, howwer, to the drying of the media and superimposed 
growth. At this time many of the strains have become transparent and glassy, 
sometimes witli the formation of minute, glistening crystals on the colon}'' surface 
such as have been observed by other authors (1, 2). At tlie same time, new and 
opaque, yellowish white growth appears at the margin or in the center of tlie 
colonies in the form of papillae or crescentic masses w^hich grow over and obliterate 
tlie original growth. Transplantation from the original colonies is only rarely 
successful, but subculture can be made from the new or secondary grow’tli during 
the first 48 hours after its appearance. Such subculture yields colonies somewhat 
more opaque and domed than those of the original culture but, while most are 
smaller and show less tendenc}'- to coalesce, there are some wdiich, without any 
reference to distance from neighboring colonies, are larger and flattened, resembling 
those of the original culture and giving the plate a characteristic uneven growth. 
The uneven growtli continues to appear for many subcultures, but tlie smaller 
colonies wntli their drier domed surfaces and their tendency to remain discrete 
become gradually more predominant, until finally the larger colonies disappear 
and all the colonies are of the small t}’pe, having become similar or closely similar 
to those of the stock strains. The secondar}^ grow’tli occurs in many strains for 
the first ten or even more subcultures, but tlicn fails to appear any more. These 
small colonics, belonging to strains w’liicli may now' be regarded as stock strains, 
remain \nablc for from 36 to 60 hours and are readily maintained on artificial media. 
While freshly isolated strains grow' readily on primar}’ culture and first subculture, 
this is no doubt due to a canw'ing over of some enriching substances present in the 
bodv fluids; and subsequent subcultures are often difficult or even impossible to 
make. Once, how'cver, the strain has accustomed itself to artificial media, and 
especially when the secondar}- characteristics of morphology and bcharior have 
developed, subculture onto solid media is simple, provided such contain some 
enriching substance and arc sufficiently moist. 
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The Role of Complement in Phagocytosis 

It is evident from the observation already presented concerning the 
absence of phagocjrtosis in unbeated infants’ serum (Table IV) that 
complement without antibody cannot induce phagocytosis in the case 
of the virulent pneumococci. What, then, is the function of comple- 
ment when acting conjointly with antibody? In the foregoing experi- 
ments we had been impressed with the rapidity of the phagocytic 
reaction when complement was present. This fact suggested that 
possibly the only role of complement in phagocytosis was to increase 
the speed of the combination of the antibody with the organism. An 
experiment was therefore designed to test the validity of this 
hypothesis: 

Two sets of 4 tubes were prepared, containing the following materials. 

Set I 

Heated normal human serum, 0.125 cc. 

Washed human cells, 0.125 cc. 

Type II antiserum — concentration, 1 :128. 

Unheated normal human serum — concentration, 1:32. 

Type n pneumococci, concentrated 8 hour culture killed by heating to 60^C. 
for half an hour. 


Set II 

Identical with Set I, save that saline solution was substituted for the unheated 
normal human serum. 

The tubes were sealed and placed in the rotating box at 37®C. One tube from 
each set was removed at the interv^als of i hour, 2 hours, 4 hours, and 8 hours. 
Smears were made of the contents, and the organisms in 100 cells were counted in 
each preparation. The opsonic effect of the heated normal serum together with 
the unbeated normal serum v.*as controlled by examining smears made from such 
mixtures at the end of 8 hours. The heated normal serum induced no phagoev*- 
tosis at this time interval, while the slight phagoc>’tosis due to the mixture of 
unbeated and heated normal serum was deducted from the coimt of the conespond- 
ing mixture containing antiserum. The same control at 4 hours showed negligible 
phagoc>’tosis. 

An important detail in this experiment is the concentration of antiserum that is 
chosen. ^ If the concentration is too strong, the phagoc>'tosis due to the antiserum 
alone will be rapid enough to mask to a great e.xtcnt the enhancing effect of the 
complement; if too weak, the incubarion would have to be prolonged indefinitelv 
to demonstrate the full effect of the antiserum acting by itself. 
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instability when subcultured on the usual artificial media (blood agar plates, 
serum dextrose slants and semisolid ascitic fluid agar stabs). Just as the freshly 
isolated smooth variants tend to pass over gradually into what may be termed the 
stock variant, so also the rough variants, in spite of careful picking and transfer 
of single colonies, show an ever present tendency to pass over into the stock variant. 
Certain media, as 5 per cent rabbit serum peptone water or 5 per cent gtycerin egg 
slants (6), maintain these rough variants for a while, but it is wise to make careful 
selection every few weeks of rough colonies plated out on 10 per cent chocolate 
rabbit’s blood hormone agar in order to keep pure and characteristic rough types. 

Other features common to the rough variants are some degree of instability 
and difliculty of even emulsion in normal saline; broad agglutination in phosphate 
buffer solutions at varying pH; and widely unspecific agglutination in serum, each 
monovalent tj'pe serum showing an equal or nearty equal agglutinative titre. 

Mucoid Forms. — A few spinal fluid strains have been encountered which, while 
presenting colonies on primary isolation of normal or slightly moister appear- 
ance, develop on subculture mucoid colonies adhering firml)'^ to tlie surface of solid 
media and tending to form glutinous strings when suspended in saline, in place of 
the usual homogeneous suspension. All such strains isolated to the present time, 
save one, have been of T3'pe II. The factors underl3’^ing this mucoid character 
are as 3'et undetermined and apparent^ have little to do -with the salt content of 
the media used, but such strains appear to be less satisfactory antigens for the 
production of monovalent serum than normal ones. 

Fresh Carrier Strains from the Nasopharynx of Healthy Persons. — While the fore- 
going description includes all the more usual forms observed in freshly isolated 
spinal fluid strains, it is not applicable to the majority of strains recovered from 
the nasophar3mx, of normal individuals at least. Thus, of fourteen strains ob- 
tained from the throats of normal healthy individuals with no history of meningo- 
coccal infection, only two, both t3'pical T3q3e II strains, have resembled the smooth 
spinal fluid strains on primar3’- isolation. The others have presented colonies which 
resemble rather tlie stock strains. Thus, the3' are often somewhat more opaque 
and white; small and of uniform size; slightl3" domed and rather dry; and tend to 
remain discrete. Some authors have refused to admit these at3’pical nasophar3Ti- 
geal strains to the group of true meningococci ( 7 , 8), while others insist that such 
strains must be regarded as true meningococci in spite of at3q)ical agglutination 
reactions (9, 10). The whole question is discussed elsewhere (11). Here it need 
onl3’’ be pointed out that the at3'pical strains have as much, if not more claim to 
be regarded as tnie meningococci as have at3'pical strains of pneumococci to be- 
long to that group. 


Staining Reactions 

All the strains of meningococci e.xamined have been characteristi- 
cally Gram-negative. Freshly isolated strains when emulsified in saline 
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Thus at the end of i hour, the phagocytic effect of the antiserum is 
increased ninefold by the addition of complement, five times at an 
interval of 2 hours, twice at 4 hours, whereas at 8 hours the counts 
are approximately the same, whether complement be present or absent. 
From these results it would appear that, if the reaction is allowed to 
continue for a sufficient period of time, a given quantity of antibody 
promotes the same amount of phagocytosis, whether or not comple- 
ment takes part in the process. 

Complement, then, cannot increase the absolute capacity of a given 
concentration of antiserum to promote phagocytosis, but merely ap- 
pears to do so by accelerating the velocity with which the organism is 
prepared for ingestion by the cells. The acceleration is probably 
caused by an increase in the rate at which the antibody enters into 
effective combination with the antigen under the influence of comple- 
ment. This conception is supported by the experiments of Wright 
and Douglas (15), Bulloch and Atkin (16), and Sellards (17), which 
showed that if organisms were exposed to the action of unheated 
normal serum and subsequently heated to 60°C., they were phagocyted 
almost as readily as organisms subjected simply to the action of the 
unheated serum. In contrast, as is well known, organisms which are 
placed in normal serum which has previously been heated to 60°C., are 
not taken up by the phagocytes. The probable explanation of these 
results seems to us to lie in the rapid union of the available antibody 
uith the organism under the influence of complement. WTien once 
this union has taken place, the subsequent destruction of the comple- 
ment has no effect on the phagocytic process. 

Another cfTcct which we have observed repeatedly and which seems to be de- 
pendent on the accelerating action of the complement is seen in the proportion of 
cells taking part in phagocj-tosis. In the unheated serum, between 90 and 100 per 
cent of the phagocytes usually take part. On the other hand, in heated serum the 
same number of phagocj'ted organisms is distributed among a much smaller per- 
centage of cells. For example, it was foimd in one experiment that after 2 hours’ 
incubation, SO poK-morphonuclear leucocj-tes contained 182 organisms distributed 
among 45 out of the 50 cells when complement was present; whereas in the absence 
of this substance 151 organisms were distributed among IS of the SO leucom-tes 
counted. It is probable that the reason for this difference lies in the fact that 
org.inisms in heated scrum are agglutinated before they are ingested, unlike organ 
.sms m unhented scrum, which arc phagocj-ted before agglutinaUon can Uke pLe. 
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rule scanty, diffuse and granular growtli when planted in small amounts 
of broth and in larger amounts grow poorly if at all, since the organisms 
are apparently readily ^^drowned/^ Rough variants grown in 5 per 
cent rabbit^S serum peptone water have a diffuse granular growth. 

Acid Agghitination 

It has not proved possible to obtain the same clear-cut results with 
the acid agglutination range of meningococci as with that of many 
other organisms (13, 14). Nevertheless, it has been possible to show 
differences between fresh, stock and rough strains. 

While, as pointed out above, the rough variants form unstable sus- 
pensions in normal saline, ix. are “salt-sensitive,’^ freshly isolated 
spinal fluid strains containing no rough variants emulsify readily and 
form smooth suspensions in normal saline at the usual pH of 5.5 to 
6.0. Nasopharyngeal strains and stock strains usually behave in the 
same manner as the spinal fluid strains, but on occasion form unstable 
suspensions. These peculiarities are closely bound up with the acid 
agglutination ranges of the strains in question. 

A suspension of approximately 2,000,000,000 organisms per cc. is prepared. 
The organisms are emulsified directly from a blood agar plate at the end of 18 
hours’ growth. They are not washed since the tendency to spontaneous agglutina- 
tion is found to be markedly increased by washing. 0.5 cc. is mixed with an equal 
amount of each of ten samples of sodium phosphate buffer solution ranging in pH 
from 2.15 to 6.3. A control tube of suspension and normal saline is added. Cer- 
tain precautions must be adopted with the saline used for the suspension and the 
control. Owing to the absorption of CO 2 from the atmosphere, salt solution 
prepared from ordinar}’' distilled water ma}’' have a pH of 6.0 or even 5.5. Such a 
pH is ^vithin the acid agglutination range of many strains and will cause agglutina- 
tion in tlie control tube. In most instances the report of salt sensitiveness in a 
strain is due to this factor. It may be overcome if distilled water which has been 
triply distilled from glass is used, and the saline is boiled shortly beforehand to 
expel the CO 2 . Many rough strains, however, have an acid agglutination range 
extending beyond the pH of any unbuffered saline and such are of necessity salt- 
sensitive. Buffer solution and suspension of organisms are thoroughly mixed to- 
gether by agitation and the tubes placed in the water bath at 56°C. for 3 hours. 
They are then removed and those tubes in which agglutination has occurred are 
noted. 

By this method it has been determined that freshly isolated strains 
show a narrow agglutinative zone usually between pH 3.0 and pH 5.0. 
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set apart the subject of phagocytosis as something which is still some- 
what mysterious and obscure. The demonstration that the anti- 
carbohj^drate antibody can be the one essential serum factor in all the 
phenomena of phagocytosis definitely relates phagoc}d;osis to the other 
serum reactions, since it is known that this antibody can be responsible 
for agglutination, precipitation, fixation of complement, anaphylaxis, 
and at least is an essential factor in the intracellular digestion and 
death of the pneumococcus in the blood of resistant animals. It may 
be pointed out in passing that this universal participation of the anti- 
carbohydrate antibody in all the serum reactions strongly supports 
the Unitarian conception of antibodies advanced by Dean (19) and 
Zinsser (20). 

It is true that in normal human serum we have shown that there is 
another heat-stable substance which imder certain conditions can 
bring about phagoc3d:osis in the absence of the anticarbohydrate 
antibody, but like the latter, this substance exerts a tropic and opsonic 
action, and therefore is presumably a separate and distinct antibody 
reacting TOth a separate and distinct antigen in the pneumococcus. 
Attention should be drawn here to the fact that this phagocj’tic factor 
by itself is incapable of leading to the destruction of pneumococci in 
a bactericidal system. This fact shows that the phagocytic capacity 
of a normal blood may give no indication whatever of the resistance of 
the animal to infection, at least as far as this resistance is correlated 
v4th the bactericidal power of the blood. 

Some, at least, of the obscurity that still hangs over this subject 
can be laid at the door of the terminolog>\ In our opinion, the word 
“tropin’’ should be discarded as both confusing and unnecessary. 
“Opsonin,” however, adequately expresses the idea of preparing an 
organism for phagocytosis, and we would propose that this term be 
rcserv'ed for the antibod}’' in the serum — whether normal or immune, 
heated or unheated — which unites vdth the organism and leads to its 
phagocytosis. At the same time, it would be understood that the 
role of complement in apparently increasing the degree of phagocytosis 
is that of a catalyst accelerating the rate of the reaction. 

In concluding our discussion, we wish to emphasize the importance 
of the state of the organism in the phagoc}ijc process. As an example, 
it has been found that T\*pe III pneumococci growing in culture 
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inflnenzae, and a subsequent re\new of the literature has revealed 
papers by Heist and the Solis-Cohens (17) and by Matsunami (18), 
dealing with the action of specimens of human or rabbit blood, or of 
different parts of one blood on a single strain or on different strains of 
meningococci cultured theremth. These authors suggest (16, 17) that 
the ability of a strain to grow out in defibrinated blood is associated 
with its virulence. A virulent strain, being better able to withstand 
the normal defense mechanism of the body, can presumably resist and 
overcome the phagocytes still present and active in freshly drawn 
defibrinated blood, and hence will survive and grow in the blood better 
and in higher dilutions than an avirulent strain. The greatest dilution 
at which subculture can be obtained would thus be taken to yield a 
relative indication of the virulence of the strain. 

The following method has been adopted in this laboraton’- to investigate fresh 
and stock strains. A suspension of meningococci is prepared in normal saline 
containing 2,000,000,000 organisms per cc. The strains are investigated as soon 
after isolation as possible and cultures on blood agar plates not older than 18 hours 
are used in preparing the suspension. Neglect of these factors will result in tlie 
use of strains and cultures which have lost some of their vitality. 1 cc. of the 
standard suspension is added to 9 cc. of normal saline, giving a suspension of 

200.000. 000 organisms per cc., and the dilution process is repeated to give regular 
dilutions down to 200 organisms per cc. Eight small sterile tubes are prepared, 
each containing 0.9 cc. of defibrinated rabbit’s blood; and 0.1 cc. of the eight sus- 
pensions of meningococci is added to tubes numbered from 1 to 8. A control tube 
of defibrinated blood alone. No. 9, is included. Thus No. 1 contains 200,000,000 
organisms and Tube 8, 20 organisms each in 1 cc. of diluted defibrinated blood. 
All manipulations are carried out as rapidly as possible and with precautions for 
sterility. The tubes are now corked and sealed vath wax, and placed on a slow 
rotator for 15 hours at 37°C. At the end of incubation, the tubes are e.xamined 
and a loopful of each is planted on a blood agar plate. Growth on the plate is 
recorded at the end of 24 hours, tmder an increased COj tension of about 10 per cent. 

2.000. 000.000 organisms per cc. is taken as standard; therefore. Tube 1 is 10~* and 
Tube 8 is 10 If only the first tube shows growth, tlie strain is designated as 
10“^; if the first three show growth, as 10"®, and so on. As a rule, designation of 
viability of a strain can be made as soon as the tubes arc removed from the rotator, 
for it has been noted that when growth has occurred the defibrinated blood is dark 
brown in color, owing apparently to metliemoglobin formation. The designation 
obtained by this means is usually but not inv'ariably the same as that obtained by 
growth on the blood agar plate. 
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appear to us to invalidate Neufeld's division of the phagocytic anti- 
bodies into (a) bacteriotropins (antibodies, the phagocjldc titre of 
which is not raised by the addition of complement) ; (6) opsonic anti- 
bodies (antibodies, comparable to the lysins, which are only active in 
the presence of complement). 

6. Complement alone is incapable of inducing phagocytosis of the 
pneumococcus. In the phagocjiic process, it appears simply to in- 
crease the speed at which the reaction takes place. Its role may be 
compared to that of a catalyst in a chemical reaction. 

7. On the basis of these findings, it is proposed that the term ^^tro- 
pin^^ be discarded as misleading and unnecessary, and that the term 
^^opsonin’’ be retained to denote any heat-stable antibody which 
prepares bacteria for phagocytosis. Contrary to current usage, it 
would not suggest a combination of antibody with complement. 
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SUMMARY 

Freshly isolated strains of meningococci present a number of char- 
acteristics which can be shown to differ not inconsiderably from those 
of stock strains long maintained on artificial media. Rough variants 
of the different types can be demonstrated, either arising spontaneously 
in vivo or in vitro, or evoked in the laboratory by the method described 
by Enders. Neither the freshly isolated strains — ^which are smooth — 
nor, in most cases, the rough variants of them are stable, both showing 
a tendency to pass over into the stock form or variant. The stock 
strains in the course of transformation from the freshly isolated strains 
show changes in morphology and cultural characteristics, and in via- 
bility in defibrinated blood. 
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EXPLAN.^TION OF PL.'\TE 39 

Fig. 1. Stock strain of N. inlraccllularis, IS hour growtli on blood agar plate. 
X 4. 
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A study has been made of stock and fresh strains of meningococcus 
obtained from various sources.^ The stock strains, isolated in the past 
from cases of meningococcal meningitis, have been grown on artificial 
media over a period of years, while the fresh strains have been recently 
isolated from the cerebrospinal fluid of patients or from the throats of 
carriers. This paper deals vdth certain differences in morphologj' and 
biological characteristics in these two groups. Differences in sero- 
logical reactions, in antigenicity and in antigenic complexity will be 
discussed in subsequent papers. 

Cultural Characteristics on Blood Agar Plates 

Stock or Laboratory Strains . — Strains of menmgococci, vrhatever their type, 
ha\dng been grown on artificial media over a period of years, show certain morpho- 
logical characteristics by which they can be recognized. Stock strains, lightly 
sown on blood agar plates, present small grey or whitish colonics little over 1 mm. 

^ For the stock strains, the author is indebted to the New York and the Massa- 
chusetts state boards of health, the National Institute of Health, Washington, and 
Dr, John Enders of Hai^'ard Medical School. Certain of the fresh strains have 
been isolated from the throats of patients or normal indiwduals in The Rockefeller 
Institute. Olliers have been received through the kindness of the New York 
State Department of Health, the Departments of Medicine and Pediatrics of the 
Johns Hopkins and the Yale Medical Schcxils, the Willard Parker Hospital, New 
York, the National Institute of Health, Dr. O. D. Chapman of S\Tacusc, Mr. 
Ecdcs of the Harlem Hospital, New York, Professor R, McIntosh of the Babies 
Hospital, New York, Dr. G. M. Mackenzie of Cooperstovm, Dr. John Norton of 
Detroit, and Dr. L. G. Zerfas of Indianapolis. 
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Rough Varianls. — WhSle the above description holds true for the majority of 
spinal fluid strains, notable exceptions have been encountered. Enders (3) has 
described a method for the development of rough variants from freshly isolated 
strains of meningococci. All his variants have been obtained from fresh T>'pe 11 
strains, no success being met with T}pe I or stock strains. The development of 
rough variants has been confirmed in this laborator}’ and extended to fresh T>pe I 
strains. Even before the appearance of Enders' paper, however, two stock strains 
were discovered, one of T>T>e IV and the other a member of the group isolated by 
Branham and called hy her Neisseriaflavesccjis (4), which showed rough and smooth 
variants growing side by side in the same culture (5). More recently five spinal 
fluid strains have been encoimtered which agglutinated in all four monovalent 
sera; and all showed the presence of rough variants. Three of these strains proved 
on absorption to belong to Type 11, one to Tj’pe I, while the fifth remained in- 
determinate. In four strains rough variants were obtained which, though less 
granular than those obtained in vitro, nevertheless differed in morpholog}” and 
other respects from the smooth strains. In the Type I strain a t>’pical rough 
variant v’as found. In some cases these variants formed the greater percentage of 
colonies on the plate; in others they were in the minority'. 

These rough strains derived from varioxis sources, while not identical in mor- 
phology^, show nevertheless many essential resemblances. The colonies present a 
surface which is, in varying degree, roughened, and a margin which is irregular in 
outline; they are drier than the smooth \'ariants. The rough \^riants discovered 
in the stock strains are the most granular of all variants yet studied. They have 
a surface often so T\Tinkled as to resemble that of a typical colony of Neisseria sicca 
(Figs. 3 and 4) and in keeping with this they emulsify with difficulty* in saline and 
exhibit spontaneous agglutination even when the greatest care is taken in adjusting 
the pH. The rough colonies developed in vitro from Type 11 strains appear on 
first dissociation at the end of 24 hours' growth as very* minute, colorless, discoid 
colonies, less than 1 mm. in diameter, n*ith a flat, granular surface and an irregular 
margin (Fig. 5). At the end of 48 hours they* are larger, up to 2 or 3 mm., \N*ith a 
raised, even more roughened surface and great irregularity* of outline. Repeated 
subculture from these \*ariants gives colonies which arc larger, 2 or 3 mm. in 
diameter, at the end of 24 hours, but otherwise present all the appearances of the 
primary rough variant (Fig. 6). The ^*ariants obtained from Ty'pc I differ some- 
what from those of the Type II strains. The minute discoid form has not been 
seen. The colonics in one instance show smooth and rounded margins but a 
plateau shape, vnth a finely* granubr surface and numerous deep pits. In other 
instances they* resemble the larger colonies of the Type II R \*ariant. The rough 
variants discovered thus far in spinal fluid strains have all been of the general type 
described for the later subcultures of Ty*pc II ziiro \*ariants. It is to be noted 
that three out of five of these spontaneously* occurring ^’ariants have been in Type 
II strains. 

.Among the features which rough \*ariants have in common is their relative 
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and smeared on a slide appear as small groups, diploid forms or single 
organisms. Using a slight modification of the method of capsule 
demonstration described by Baker (12), it has been possible to show 
a clear zone or ^‘capsule” aroimd organisms of the freshly isolated 
strains; in stock strains this ''capsule” is narrower and rough variants 
show no such structure. It has not been possible, however, with any 
of the methods used to demonstrate the presence of a true capsule 
comparable to that of the pneumococcus.- While with the Gram 
stain the organisms of the stock strains are of the same size or but 
slightly smaller than those of the fresh strains, the rough variants are 
considerably larger and show a tendency to be in groups of four 
(tetrads) or more organisms. These facts concerning the rough vari- 
ants have been noted by Enders (3) . It would seem probable that the 
larger forms (not the giant forms) sometimes seen in the smears of 
original spinal fluid cultures represent rough variants. Such, in 
colony form, are apt to be overlooked on the plate and are probably 
soon lost as a result of their instability on ordinary’' culture media. 

Growth in Broth 

Another feature serving to differentiate fresh and stock strains is 
their beha\’ior in broth. It is generally believed that it is difficult to 
obtain plentiful growth of meningococci in any fluid medium. ^^Tiile 
this is in large part true of the stock strains, fresh strains will grow 
readily in Huntoon’s hormone broth even without gelatin or dextrose. 
Growth is in the form of a heav\' pellicle on the surface of the broth 
which breaks up when disturbed, sinking to the bottom of the flask to 
be replaced by a new pellicle on the surface. This form of growth 
occurs not only in small amounts of broth in a tube, but also in large 
amounts; :.c., 900 cc. in a flask. Stock strains, however, shovr as a 

* To this extent the claim to have demonstrated a capsule, made in a previous 
paper (5), must be modified. The “capsule” or clear zone which can be demon- 
strated readily by Baker’s India ink method would app>car to represent some 
difference between fresh, stock and rough organisms in or around the bacterial 
cell. However, it has not been possible to stain any structure outside the bacterial 
cell, using the usual methods of capsule staining, and it seems certain that the 
organism docs not possess a capsule of the same kind as that found on the pneumo- 
coccus or //. vif.ucnzae. 
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isolated strains are grown on blood agar plates and used as soon as good growth 
appears that is to say in 15 to 20 hours — ^being washed off in normal saline and 
adjusted to the required dilution with tlie help of a Gates turbidometer. After 
the first series of injections, tlie animal is allowed to rest for 5 to 7 days and the 
procedure is then repeated using larger doses. A third series of injections may be 
given, though the titre is often satisfactory after the first two. The final dose is 
approximately 10,000,000,000 organisms. Serum obtained in this way has a 
satisfactory agglutinin titre but has few if any precipitins for the soluble specific 
substance. Precipitins ma}'’ be evoked by allowing animals to rest for 4 weeks 
ratlier than a few days between injection series, but this method of precipitin 
production is not as good as tlie one given below. A trial bleeding is made 5 days 
after the end of the last series of injections and if the titre proves sufficient the 
animal is bled immediately up to 50 or 60 cc. With care the animal may be saved 
and bled again after a few injections at a later date. 

^Vhile tlie above method has proved satisfactor}’' in the preparation of aggluti- 
nating sera, tlie precipitin content is usually low. A statement by hlurray (1) that 
an interval of 6 weeks in tlie course of vaccination appeared to be essential for the 
production of sera vdth a high precipitin titre was tested and the following method 
evolved. 

The animals are injected dail}'- for 1 week with increasing doses of organisms 
from an initial dose of 1,000,000,000 organisms. They are then allowed to rest 
for a week when the procedure is repeated with larger doses; and again a third 
time. 5 da3^s after this a trial bleeding can be made, but while the agglutinin 
titre ma}^ be high, the precipitin titre, except in rare instances, is negligible. The 
animals now rest for 6 weeks when the vaccination is begim anew and two series 
are given. Trial bleeding now shows, as a rule, a serum with a sufficiently high 
precipitin titre and the animal is immediatel}" bled. If the titre is not satisfac- 
tory'', a third series of injections may raise it to the required height. Besides living 
organisms, both formalinized and iodized antigens have been used and give 
even better results. 

In preparing the formalinized antigen the organisms are washed off a blood agar 
plate with 10 cc, of a 0.2 per cent solution of formalin. The suspension so obtained 
stands in the ice box overnight before it is used. In the case of tlie iodized antigen 
the organisms are w'ashed off in 10 cc. of normal saline. To this suspension is 
added sufficient iodine solution to render it permanently brown (about 7 or 8 cc.). 
The iodine solution used consists of 1.27 gm. of iodine and 5 gm. of potassium iodide 
in 1,000 cc. of distilled wnter. Wffien tliis solution is added in small amounts to the 
suspension of organisms, tlie initial brown color can be seen to fade gradually (or 
faster if the suspension is agitated). It appears that the iodine is removed from 
solution possibly by adsorption to or actual chemical combination with the bacteria. 

Using these treated antigens, scries of injections have been given corresponding 
as to time intervals and quantities wath tliosc used for tlie suspensions of living 
organisms. 

All agglutinations have been carried out in w'atcr baths regulated to the required 
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Repeated subculture broadens this zone, at first largely on the acid 
side, and the stock cultures show a considerably broader zone which, 
while quite irregular, tends to lie between pH 2.1 and pH 5.6. Rough 
strains usually show some agglutination over the whole range (pH 2.1 
to pH 6.3) and agglutination is complete in most of the tubes. 

These results are of particular interest in view of those reported by 
Gibbard (15) in connection with electrophoresis of meningococci. He 
was able to show a difference in potential difference or charge carried 
on the bacterial cell between fresh and stock strains. The p.d. was 
higher in the fresh strains, being from 36.0 to 42.0; it feU off rapidly 
with subculture; and stock strains showed a p.d. betu'een 25.6 and 30.5. 
The range of variability was greater in stock than in fresh strains, 
and the p.d. tended to be greater in Types I and IH than in H and IV. 

Behavior in Defihrinated Blood 

It has been noted above that attempts to obtain rough variants 
from stock strains and from most T3'pe I strains have been tmsuccess- 
ful. Rough variants are obtained after the method of Enders (3), 
which consists, in brief, of repeated subculture of freshly isolated strains 
of the organisms in defihrinated rabbit’s blood, together with daily 
plating and selection. The strain is planted in about 0.5 cc. of defi- 
brinated blood and slowly revolved at 37°C. for 15 hours. At the end 
of this time the tube is removed, a loopful plated on chocolate hormone 
agar and 0.1 cc. transplanted to a fresh tube of defihrinated blood uith 
which the process is repeated. The plates are e.xamined at the end of 
24 hours’ growth, preferably under a slightly increased COj tension 
(about 10 per cent), for the presence of rough variants. In some 
strains these appear immediately, in others not until 20 or 25 successive 
subcultures have been made. Even if rough variants do not appear, 
the strain loses the characteristics of a fresh strain and takes on those 
of the stock tjqje. Now the difficulty in obtaining rough strains from 
stock strains lies in the fact that the latter die out after the first two or 
three subcultures; i.c., before the rough variants develop. This obser- 
vation led to the idea that growth in defibrinated rabbit’s blood might 
offer an additional method of differentiating stock and fresh strains. 
During tlic investigation of this point, a paper appeared by Wright and 
Ward (16), in which such a method was adopted with strains of E. 
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nation is much less than with the fresh strains, and, moreover, that the 
Type II strain shows a certain amount of cross-agglutination. 

The anti-S sera used at 56°C. for 24 hours prove well nigh useless 
with both fresh and stock strains, owing to the very marked cross- 
agglutination which occurs. This cross-agglutination is evident even 
after 3 or 4 hours, though less than at the end of 24 hours. 

Standard sera at 37°C. prove of little value. The titre of agglutina- 
tion in both fresh and stock strains, especially the former, is insignifi- 
cant and the results are obscured by cross-agglutination. 
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2 

2 

3 

3 

2 

2 



2 

2 

2 

3 

Agglutination 
at 56°C. for 

Stock Type I No. 123 

2 

2 

2 

2 

2 

2 

1 

1 



1 

2 

2 

3 

3 

24 hrs. 

Stock Type 11 No. 383 

1 

zfc 


± 

M 

2 

2 

2 

2 

2 

2 

2 

1 

rb 

=b 


Stock Type III No. 57 

3 

2 

2 

2 

2 

2 

2 

1 

1 

1 

2 

2 

3 

3 

3 



When the standard sera are used at 56°C., the results are better 
than at lower temperatures. Cross-agglutination, however, is present 
in all the lower dilutions, and it is only at 1/200 or above that the 
results can be interpreted. Since many freshly isolated strains and 
even occasional stock strains fail to agglutinate in these higher dilu- 
tions, inconclusive results are not infrequent with this technique. 
The method, moreover, calls for the use of a series of tubes twice as 
large as that used with the anti-S serum and has the disadvantage of 
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Using this method, fresh spinal fluid and nasopharyngeal strains, 
stock strains and rough variants have been exami n ed. The results 
are tabulated in Table I. From this it can be seen that quite distinct 
differences are apparent in the several groups. Spinal strains show the 
highest viability. They may be divided into three groups: (1) those 
with high viability; (2) those with medium \'iability; and (3) those 
with low viability. When this is done, it is immediately apparent 
that aU strains in Group 1 are of Type 11; Group 2 contains the Type 


TABLE I 


spinal floid strains 

Carrier strains 

Stock strains 

Rough strains 

Strain 

Type 

Vini- 
lencc or 
viabil- 
ity 



Viru- 
lence or 
viabil- 
ity 



Viru- 
lence or 
viabil- 
ity 

Strain 

Type 

lence or 
viabil- 
ity 

439 

n 

10-’ 

438 

V 

10-» 

386 

I-m 

10-* 

432/25 

n 

10-2 

442 

n 

10-s 

452 

V 

io-» 

403 

I-m 

10-7 

18^ 

n 

10“= 

471 

n 

10-7 

456 

VI 

None 

383 

n 

None 

435^ 

n 

10“= 

477 

n 

10-« 

453 

? 

None 

392 

n 

None 

434^ 

n 

None 

445 

i-m 

10^ 

427 

V 

10-= 




438^ 

V 

10-7 

447 

i-m 

10“‘ 

433 

V 

10^ 




B4^ 

w 

10-2 

448 

i-ra 


458 

I-m* 

None 




157^ 


None 

449 

i-m 

10-> 

15 

n 

io-« 





csccns^ 


454 

i-m 

10-2 

441 

n* 

10-2 



i 




400 

I-m 

10“» 

450 

p 

None 







436 

II* 

None 

18 

n* 

None 







440 

n* 

None 

443 

n* 

None 







446 

n* 

io-» 

459 

n* 

10-1 










422 

va 

None 











444 

vn 

None 








* Atj-picaL 


I-III strains; while the strains of low \-iability either agglutinate 
broadly in all sera or contain rough variants and are indeed not t>'pical 
fresh spinal strains. Of the earner strains, only one showed a high 
^^ability and this, Strain 15, as has been pointed out above, was 
morphologically and culturally a tj-pical spinal strain of Tjmell 
whidi renders its high ^^ability not surprising. The remainder of the 
carrier strains are of low N-iability. The stock strains, though gi\rine 
diaraderistic agglutinations of Tj-pes 11 or Tni, have uniformly low 
\nability, as have the rough variants. 
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demanding a longer period of time before the final readings can be 
made. 

The results given in tlie tables are those of a single experiment. 
Repeated observations in tlie course of routine examination of freslily 
isolated or stock strains have served to confirm them. The fresh 
strains used in this experiment were of known antigenicity and neces- 
sarily not of as recent isolation as tliose subsequently tested in the 
general routine. It has been tlie experience in this laboratoiy that tlie 
fresher strains give even better agglutinations witli the anti-S sera at 
37°C. than those shown in Table I. Nearly all of the really fresh 
strains can be confidently assigned to their t}'pe on removal from tlie 
water bath at tlie end of 2 hours, obviating the delay of tlie overnight 
period in the ice box. Wdiile some fresh strains have been encountered 
in whicli cross-agglutination occurs, it has been found tliat in all cases 
in wliich tliis was great enough to obscure the results, it has been 
possible to demonstrate rough variants in the cultures. 

DISCUSSION 

In comparing the method of agglutination here described with those 
more usually adopted, certain points caU for emphasis. These have 
to do principally with the serum used and the conditions under wliich 
the reaction is carried out. 

In connection with the serum, there are two main features. The 
first is the choice of strains for use in serum production, and the second 
is the titre of agglutinins which it is considered necessar}’- tliat the 
ser um should finally attain. It is the accepted view that, in tlie prepa- 
ration of monovalent sera, stock strains, being of knomi antigenicity, 
are as good as, indeed better tlian, freshly isolated strains of which 
the antigenic properties and complexity are problematical. It there- 
fore becomes necessary to inquire if tlie freshly isolated strains have 
tlie same antigenic complex and can give rise to sera as satisfactory 
as those obtained b}'’ the use of stock strains. Kirkbride and Cohen 
(2) believe tliat recently isolated strains of T 3 q)e I and Tjqie III are not 
superior antigenically to the 13 j'-ear old stock strains used in routine 
serum production, while fresh Tj'pe II strains are but little better. 
Many observ'crs are agreed, on the otlier hand, that the antigenic 
complex of man}' organisms, including meningococci (3, 5-7} docs 
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Fig. 2. Fresh strain of N, infracellularis, 18 hour growth on blood agar plate. 
X 4. 

Fig. 3. Rough colony of iY. JIavescens (Branham) obtained by punctate inocu- 
lation of a blood agar plate. X 9 J. 

Fig. 4. Rough colonies of T^’pe W N. vitracellularis evenly sown on blood agar 
plate. X 11. 

Fig. 5. Minute discoid colonies of rough variant developed vi vitro from a 
fresh Tj’pe 11 N, inlracellidaris strain. X 12. 

Fig. 6. Rough and smooth colonies of a fresh T^pe II iY. infracelJuIaris strain 
imdergoing dissociation in vitro. X 12. 
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and determined directly on withdrawal from the water bath and with- 
out the overnight interval; and in the second, the results at this lower 
temperature are, as has been pointed out already, more delicate and 
free to a very large extent from the confusion caused by cross- 
agglutination. In this connection it may be said that the experience 
in this laboratory on applying the amended method of agglutination 
to strains of meningococci isolated from the cerebrospinal fluid has 
been at variance with that reported elsewhere. It is not imusual to 
find the statement made that the grouping of such meningococcus 
strains is by no means sharply defined. While this may be true with 
agglutination tests made at 56°C., all smooth cerebrospinal fluid strains 
tested at 37°C., 57 in number, have shown sharply defined grouping, 
if no distinction between Types I and III be made (see footnote 2). 

It must be emphasized here that, although tlie agglutination method 
herein described is more satisfactory than tliat in whicli the test is run 
for 24 hours at 56°C., yet it is not put forward witli the suggestion that 
it become the standard diagnostic method. The rapid method 
described by Nicolle, Debains and Jouan (8), by which agglutination 
can be read within 5 minutes, has all the advantages of rapidity and 
simplicity. The agglutination tests and agglutinating sera mentioned 
in this paper have appeared as corollaries during the development of a 
type-specific precipitating serum and are presented here as additional 
evidence of the differences between fresh and stock strains. 

Further uses of the monovalent sera prepared with freshly isolated 
strains will be developed in subsequent papers which deal with the 
type-specific substances of the organisms and ^vith the presence of 
meningococcus precipitinogens in the cerebrospinal fluid in cases of 
meningococcal meningitis. 


SUiEMARY 

The production of monovalent sera for agglutinin or precipitin reac- 
tions with freshly isolated strains of meningococci is described. Agglu- 
tination reactions vnth such sera can be carried out more rapidly, at 
lower temperatures and in lower dilutions, than vuth the standard 
monovalent sera prepared from stock cultures, while the results so 
obtained are more satisfactory owing to the relative absence of cross- 
agglutination. 
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The preceding paper has dealt with certain morphological and bio- 
logical differences demonstrable between fresh and stock strains of the 
meningococcus. These differences have further been found to be 
associated with differing antigenic qualities in the two strain varieties 
when they are used in the preparation or the testing of antimeningo- 
coccal sera and this paper deals with the preparation of sera from 
freshly isolated strains for use in agglutination and precipitation tests. 
The results of agglutination tests with such sera imder different condi- 
tions are compared with those obtained by the use of standard mono- 
valent sera prepared by immunization with stock strains of meningo- 
cocci. 

Material and Technique 

The strains used included old stock strains, fresh spinal fimd and nasophar^m- 
gcal strains, and rough v'ariants appearing in vivo or in vitro} Standard mono- 
\’alent diagnostic sera prepared vrith old stock strains have been procured through 
the courtesy of the New York State Department of Health, Albany. New sera 
have been prepared in this laborator>' with freshly isolated strains (except for 
Type IV, of which no freshly isolated strain has been a\'ailable), using young 
healthy rabbits. 

Two methods of serum preparation have been used. In the first, rabbits are 
given four injections of gradually increasing numbers of lining organisms on alter- 
nate days, the initial dose being from 1,000,000,000 to 2,000,000,000. Freshly 


The sources of these strains arc given in Paper I of this series and rviU not be 
repeated here. It is desired, however, to express thanks again to aU who have so 
kindly assisted in the difficult task of obtaining material for this work. 

S61 
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dextrose broth. Ayers and Rupp (2) later showed that the former group was fur- 
ther distinguished by the capacity of its members to hydrolyze sodium hippurate, 
whereas hemolytic streptococci from human sources did not split this substance. 

Brown, Frost, and Shaw (3) concluded that no single test could be relied upon 
to differentiate the hemolytic streptococci commonly found in milk from the so 
called Sirepiococcns epidemiciis. They were of the opinion, however, that probably 
the most constant and reliable of the tests tried by them were (a) the final hydrogen 
ion concentration attained in dextrose broth, and {b) the hydrolysis of sodium hip- 
purate, although apparent exceptions were found to both. Most of the seven 
groups studied by them were differentiated by these two tests combined vnth 
fermentation reactions. They point out, however, that they encountered excep- 
tional strains of bovine origin, characterized by a final pH of about 4.7 in dextrose 
broth and by little or no hydrolysis of sodium hippurate. These formed an inter- 
esting group intermediate between the other strains derived from cattle and those 
isolated from man. This group had not been described previously. 

Streptococci of bovine origin culturally similar to tliis last group were found in 
considerable numbers by Minett and Stableforth (4), who concluded that tliese 
‘‘streptococci were distinct from the usual udder streptococci and indistinguishable 
as a group by bacteriological and serological tests from Streptococcus pyogenes of 
direct human origin. The evidence therefore strongly suggests, though it cannot 
be held to prove, that in tliese cases the streptococci had been implanted in the 
udder by tlie milker.” They also state that, although there was an absence of any 
definite disease among persons in contact with these infected cows, disease does not 
invariably occur among such persons even when the udder harbors streptococci 
probably pathogenic for man. These authors, furthermore, give a review of tlie 
literature indicating that similar strains were found by J. Smith (5), by Seelemann 
and Hadcnfeldt (6), and b}^ Diernhofer (7), all of whom considered tliem either 
closely related to Streptococcus pyogenes from man or indistinguishable from strains 
of human origin. 

Edwards (8) described a group of strains from bovine and other animal sources 
which seemed to possess the same cultural characteristics as those studied b}" the 
above mentioned investigators. These strains did not hydrolyze sodium hippurate 
and were intermediate in their final pH range between the ordinary’’ strains from 
bovine sources and those of human origin. Among the strains of animal origin 
studied by him, 94 per cent could be distinguished from those of human origin by 
the fact that they fermented sorbitol but not trehalose, while the strains from 
human sources did not ferment sorbitol but fermented trehalose. The remaining 
6 per cent of strains derived from animals were, however, similar to the strains 
from human sources in their fermentation of these substances. 

In addition to the streptococci classified by the above authors on the basis of 
biochemical and cultural reactions, R. C. Aver>’ (9) showed that hemolytic strepto- 
cocci derived from cheese and similar sources form still another group characterized 
by tlie capacity to reduce methylene blue and to grow in a medium containing 
concentrations of the dye which completely inhibit the growth of strains of human 
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temperature. For antigen a standard suspension has been adopted consisting of a 
suspension of meningococci of a sufficient density to give a reading of 4 cm. when 
tested ndth a Gates turbidometer and corresponding to about 2,000,000,000 
organisms per cc. 0.3 cc. of this suspension is added to an equal amount of the 
serum or senun dilution to be investigated, the two fluids are mixed and the rack 
of tubes is placed in the appropriate water bath for the required length of time. 
When a temperature of 37°C. is used the tubes are removed after 2 hours and left 
in the ice box overnight, when a final reading is taken. The reading of the results 
must be largety a personal matter. In order to compensate for this, readings have 
been made by the same person throughout, A customary set of sjunbols has been 
used; namely, = complete agglutination; -h-k-F = almost complete; 

= definite; -f = slight; and i = ver>" slight. A control tube with saUne 
and suspension in equal parts is always inserted to detect salt sensitivity. TiTien 
agglutinations are done at 56°C. for 24 hours or longer, a second control tube of 
normal serum diluted 1/20 is added, but this has been found unnecessary at the 
lower temperature. 


RESULTS 


In Tables I and 11 are shown a comparison of both standard and 
^^anti-S” {i.e, prepared with recentl}" isolated strains) sera at both 37'^C. 
and 56°C. when tested on three stock and three freshly isolated strains 
of Types I, II and III. Type IV will not be included in the following 
observation ovring to the absence of any freshly isolated strains of 
this type. 

Employing the anti-S sera at 37°C., it will be noticed that marked 
agglutination is obtained with homologous serum and that no cross- 
agglutination occurs.' Stock strains do not agglutinate as satisfac- 
torily with these sera at the low' temperature. It will be seen that 
w'hile the can be ascertained in all of the stock strains, the aggluti- 


‘ The cross-agglutination between Tj-pes I and III must be regarded in another 
light. Vffiilc it seems certain that in the past these two Upes, although antigeni- 
calK similar, ha\c been nevertheless distinct entities, the examples occurring at 
the moment show so much cross-agglutination that it is well nigh impossible to 
separate them into two t\pes, and the term Group I-HI has been adopted for all 
these strains. It has abo been noticed both in this bborator}* and elsewhere (2, 3) 
the old stock strains of these two t>pcs, though antigcnically distinct when 
first isolated, have now become so simibr as to be almost indistinguishable (v^dc 
Strains 12.^ and in Table I), Finally, it may be pointed out that the soluble 

5I>cof,c subsur^ccs of these t>-pes have proved to be indistinguishable 

by any of the mctliods adopted (4). ^ 
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cocci. When, however, streptococci from a wider variety of animals 
were studied, the carbohydrate C, characteristic of human strains, 
was not found in strains from sources other than man, although it had 
been found in every strain of human origin previously examined, with 
a single exception reported by Hitchcock (12) . This apparent absence 
of C from hemolytic streptococci isolated from lower animals led to 
investigations to determine whether similar substances might be found 
to differentiate other groups among these strains. 

In order to avoid confusion, the existing information concerning 
the antigenic structure of hemolytic streptococci is summarized. 

As far as chemical analysis of the irnmunologically differentiated substances is 
concerned, only strains of human origin have been studied previously. The 
members of this group contain (a) a t 3 rpe-specific protein “M,” which differentiates 
types in agreement witli the results obtained by agglutination and mouse protec- 
tion tests (13 bj e); (6) a non-specific nucleoprotein, ‘T/’ which gives cross-precipi- 
tin and complement fixation reactions with similar fractions from related Gram- 
positive cocci, namely Streptococcus virtdauSj Pneumococcus, and staphylococcus 
(13 a); (c) another non-type-specific protein, “Y,’’ about which little is known 
(13 c, c); (d) the non-type-specific protein, “Fraction D,’’ of Heidelberger and 
Kendall (14) which they suggest may be the same as the Y fraction just mentioned; 
and (c) a non-type-specific carbohydrate, “C’’ (11, 12), which was formerly thought 
to characterize hemob'^tic streptococci and to be common to all strains. 

From tliese cell constituents identified in hemob’-tic streptococci of human 
origin, only tlie carbohydrate C is of special significance in the present stud}'* be- 
cause upon it this classification is based. 

Methods 

L Ivnmmc Sera . — Rabbits were immimized witli formalinized cultures as 
follows: The bacterial sediment from an 18 hour broth culture was suspended in 
onc-twentietli volume of 0.85 per cent sodium chloride solution to whidi formalin 
w'as added in a final concentration of 0.2 per cent. After 48 hours in the ice box 
these bacterial suspensions were sterile. Immediately before use they were diluted 
with physiological salt solution to the original volume of the culture. Daily 
intravenous injections of 1 cc. were given for a week, followed by a week’s rest. 
Two to four series of injections were made. Although good antisera were often 
obtained after two series, four or more courses were sometimes required. On the 
Stli day after the last injection test bleedings were made and the senim of animals 
showing a good titer was collected and stored in the ice box without a prcserv'^ativc. 

All strains tried gave usable antisera by tliis method, altliough some were better 
antigens than otliers. After serial subcultures in 10 per cent t}q)c-spccific immune 
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4, Final pH, — ^The final pH attained in 1 per cent dextrose broth was deter- 
mined colorimetrically essentially by the method of Avery and Cullen (1). Read- 
ings were made at the end of 4 days’ incubation. Some of tlie first readings were 
made in duplicate vdth meth 3 d red and brom-cresol green as indicators, but tlie 
later readings were all made with brom-cresol green since vdth this indicator the 
color changes were easier to distinguish. 

5. Hydrolysis of Sodhim Hippurate. — This test was made according to the 
method of A 3 ^ers and Rupp (2). The cultures were grown 4 da 3 '^s in infusion broth 
containing 1 per cent of sodium hippurate; then to 1 cc. amounts of the clear 
supernatant culture fluid w^ere added 0.3, 0.4, and 0.5 cc. respective^ of 12 per cent 
ferric chloride containing concentrated h 3 ^drochloric acid in the proportion of 2.5 
cc. per liter. Uninoculated sodium hippurate broth incubated for the same period 
was used as a control, and sufficient ferric chloride was used in the test to insure 
complete clearing of the uninoculated control. Care was taken to shake the tubes 
thoroughly as soon as the ferric chloride was added. If the reaction was positive, 
a heav 3 ’’ precipitate of ferric benzoate was formed which was insoluble in the excess 
of ferric chloride. If the reaction was negative, the hippurate and protein precipi- 
tates formed at first were redissolved in the ferric chloride leaving a clear solution. 
Know positive and negative cultures were included as controls in ever 3 " series 
tested. 

6, Reduction of Methylene Blue Milk, — ^The method of R. C, Aver 3 ’’ (9) was used 
for this test as follows: A 1 per cent solution of meth34ene blue was added to 
sterile nulk to make a final concentration of 1:5000. 0.1 cc. of fresh 18 hour broth 
culture was inoculated into 5 cc. of meth 3 dene blue milk and into control tubes of 
milk without the d 3 "e. Readings w^ere made after 24 hours’ incubation and at 
intervals up to a week. The 24 hour readings are recorded in the tables, and the 
few changes occurring later are also noted. 

7. Growth on Blood Agar Containing Bile, — Rabbit blood agar plates containing 
10 or 40 per cent ox bile (10) were used to test the ability of these strains to grow in 
the presence of bile. Control plates of blood agar without the addition of bile 
were alwa 3 ^s inoculated at the same time. The 24 hour readings recorded in the 
tables were essentiall 3 '' the same as observations made after 3 or 4 da 3 ’'s’ incubation. 

<?. Fermentation Reactions, — 1 per cent trehalose and sorbitol were added re- 
spectivety to tubes of Hiss serum water with Andrade’s indicator. Cultures were 
observed at intervals, and final readings recorded at the end of a week's incubation 
(8). ^\Tiere neither substance was fermented and in case of doubtful growth, 
subcultures were made on blood agar plates to determine the presence of viable 
organisms. WTicn tests with both substances were negative, a second set of tubes 
was inoculated. 

9, Lysis with Streptococcus Bacteriophage, — These tests were performed b 3 " add- 
ing 1 cc. of fresh 18 hour blood broth culture (\\nthout disturbing the sedimented 
blood) to 5 cc. of plain broth and incubating for from 2 to 3 hours. To 1 cc. of 
such a culture 1 cc. of bacteriophage was added. This bacteriophage was derived 
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change with prolonged culture on artificial media. Strains tend to 
lose what narrow specificity thej’- originally possess and to “broaden 
out” until they agglutinate markedly in heterologous as well as homol- 
ogous sera. More important still is the fact that, as has been shown 
(5, 7), these stock strains have lost at least a large part of their specific 
substance on which antigenic specificity depends. The results of the 
work here reported strongly favor the view that freshly isolated strains 
give rise to sera which differ quantitatively, if not qualitatively, frond 
those prepared with stock strains. It has not been possible for the 
writer to produce sera with stock strains which give results as satis- 
factory, as those obtained with the fresh strains, whether the sera be 
used for agglutination or precipitation tests. In fact, no precipitins 
for the specific fraction of the organisms have yet been obtained in 
sera prepared with stock strains. 

It is generally agreed that the titre of agglutinins, which a serum 
should attain in order to be of value, must be high, 1/1,000 or more. 
With the standard sera generally used and the methods of agglutina- 
tion usually adopted, it is not unusual for cross-agglutination to occur 
at a dilution of 1/100 or higher, and high titre sera are necessary in 
order to obviate any confusion in tjqjing. As has been shown in the 
body of the present paper, however, such high titres are unnecessary 
when the sera are prepared with fresh strains and the reaction is 
carried out at 37°C. for a short period of time. Under these circiun- 
stances, a maximum titre of 1/ 100 will suffice and cross-agglutination is 
unusual even at the lowest dilution, 1/10. Since the amended method 
calls for the use of sera with onty a low titre, it is possible to produce 
these in a comparatively short time and with few injections. Tfiis 
fact of itself is favorable to the production of narrowly specific sera^ 
for rabbits injected repeatedly v.ith a given strain jleld a serum of 
steadily increasing non-spedfidty. 

Using standard sera prepared with stock strains, it has been found 
necessary- to perform the agglutinations at a temperature of 56°C., and 
the tubes have to be left at this temperature for 24 hours or longer 
before a conclusive result can be obtained. That the amended method 
calls for the use of a temperature of only 37°C. for only 2 hours, fol- 
lowed by the ice box overnight, is of double advantage. In thc’first 
place, the method is more rapid since agglutinations can usually be read 
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TABLE I 

Specific Precipitin Reactions of Representative Strains from the Five Groups Differ- 
entiated hy Serological Methods 


0.2 cc. antiserum prepared against 
strains of Groups 




K 150 A 


K 158 E 


K 155 A 


K 155 P 


K 155 N 



Source 

Disease 


Scarlet fever 

fC 

Pneumonia ' 

Cow 

Mastitis 

(f 

None (certified 
milk) 

Guinea pig 

Lymphadenitis 

Cow 

Mastitis 

Rabbit 

Pneumonia 

Horse 

Pleuropneumonia 

Swine 

Abortion 

Chicben 

Slipped tendon 



In the precipitin tests recorded in Tables I, IT, and III, all volumes were made up to 
0.6 cc. with saline. The tubes were incubated in a water bath at 37 °C, for 2 hours and 
read after standing overnight in the ice box. Controls of serum with saline, and of c.xtract 
with saline were all negative. The degrees of positive reaction arc indicated by + to 
+++ + ; a negative reaction is indicated by — . 

• The scrum of one rabbit immunized \nth Strain K 129, Group E, gave slight cross- 
reactions ^vith almost all extracts tested against it. Other rabbits of this scries gave nega- 
tive results as showm. 
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Biochemical and cultural reactions 
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5.1 
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5.0 
5.0 
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5.0 
5.0 
5.0 
5.2 
5.0 
5.2 
5.0 

5.0 

5.0 

5.0 
5.2 
5.2 

5.1 

5.1 

Serological reactions 

Precipitin tests 

Antisera for Groups 

P 

1 1 1 1 I I 1 I 1 I I 1 1 1 1 1 1 i I I 1 1 1 

U 
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P 
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Origin of cultures 

Disease 

Scarlet fever 

If <1 

it it 

ft ti 

tt ft 

Pneumonia 

tt 

tt 

it 

it 

Infected gland 

Lung infarct 

Meningitis 

Tonsillitis 

Peritonsillar abscess 

Septic sore throat 

Nonet 
" t 

It 

(1 

<1 

Spontaneous infection 
Mastitis (epidemic of septic 
sore throat) 

Source 
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A SEROLOGICAL DIFFERENTIATION OF HUMAN AND 
OTHER GROUPS OF HEMOLYTIC STREPTOCOCCI 
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The differentiation of hemolytic streptococci from various animal 
sources has been a problem presenting many difficulties. Although 
numerous biochemical and cultural methods of differentiation have 
been advanced for the solution of this problem, it is apparent that a 
satisfactory serological test would be of considerable value. The ob- 
ject of the present paper is to describe a precipitin reaction which 
differentiates hemol}d:ic streptococci into several groups. The pro- 
posed classification is based upon the study of 106 strains of Sirepio- 
coccus haeinolyticus isolated from a wide variety of sources: man, other 
animals, and dairy products. The results of this stud}^ are of interest 
not only from the theoretical viewpoint of establishing an orderly 
grouping of these microorganisms, but also from an epidemiological 
aspect in pro\dding a means of identifying the probable origin of a 
given strain. The biochemical and cultural methods previously em- 
ployed furnish presumptive evidence of the epidemiological importance 
and probable source of the strains in question. However, strains are 
occasionally encountered which are difficult or impossible to classify. 
Certain of the difficulties inherent in these methods appear to be 
largely overcome by the use of the precipitin test as a means of 
differentiation. 

Tarticuhr attention has been paid by many investigators to the identification 
of hemolytic streptococci of human origin and to the separation of these strains 
from those ordinarily associated with borine mastitis, or normallv present in milk 
and daily' products. .\vcr>' and Cullen in 1919 (1) were able to differentiate 
clearly between one group of strains of bownc origin and those of human origin by 
determining tlic final hydrogen ion concentration of cultures grown in 1 per cent 
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classification based on the anti-C precipitin reaction. The character- 
istics of the groups defined are the following; — 

Group A . — ^Extracts of the 23 strains placed in Group A gave positive 
precipitin reactions with antisera prepared against any member of the 
group, and gave no cross-reactions with antisera for any other group. 
The classification made on this basis was confirmed by additional 
biochemical and cultural tests. The strains of Group A, vdtli two 
exceptions, were all derived from human sources. 

One exceptional strain, V 10, came from the udder of a cow suffering from masti- 
tis and was isolated during one of the Massachusetts epidemics of septic sore throat 
by Smith and Brown (17), and studied later by Avery and Cullen (1). Both 
groups of authors considered it a strain primarily of human origin and thought 
that the cow had probably become infected through a milker. The other strain 
in Group A, not of human origin, was isolated from a spontaneous limg infection 
in a rabbit. Whatever may be the true explanation of such exceptions, it is 
obvious that an overwhelming majority of strains in Group A are of human origin. 

Turning now to groupings made on the basis of biocliemical and 
cultural characteristics, quite good agreement vnth the classification 
by serological means is found. 

When judged by the two tests principally recommended by Bronm, Frost, and 
Shaw, namely final pH in dextrose broth and hydrolysis of sodium hippurate, it 
is seen tliat all the strains of Group A reacted ^vith respect to these tests in the 
manner characteristic of strains of human origin. One strain gave a final pH of 
4.8, while the rest ranged between pH 5.0 and 5.2, and none hydrolyzed sodium 
hippurate. None reduced methylene blue milk witliin 24 hours, although two 
strains gave growth and evidence of reduction after 3 days’ incubation. These 
two exceptional results may have been dependent on tlie size of the inoculum, a 
factor stated (6) to be of considerable importance in the reaction. A few strains 
of tliis group grew on 10 per cent bile blood agar, and one even showed slight growth 
on 40 per cent bile blood agar. Minett and Stablefortli (4) also found a few strains 
isolated from human sources with which growth was not inhibited on this medium. 

The differential fermentation of trehalose and sorbitol was tested since it was 
advocated by Edwards (S) as a means of distinguishing between hemolytic strepto- 
cocci of human derivation and tliose strains of animal origin which resemble human 
strains in not hydrolysing sodium hippurate. All the members of Group A fer- 
mented trehalose and none fermented sorbitol, which is in agreement with Edwards’ 
findings. 

Of the 23 strains in Group A only sLx were found partially susceptible to the 
action of streptococcus bacteriophage and not vcr>' markedly so. 

Group B . — The 21 members of Group B were classified together on 
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and bovine origin. Telemann and Hadenfeldt (6) later called attention to the 
importance of the size of the inoculum in this test, as some strains ordinarily 
inhibited in this medinin grow in it if a sufficiently large inoculum is used, and, as 
a result of growth, reduce the methjdene blue. 

Minett and Stableforffi as well as Seelemann and Hadenfeldt, using a test intro- 
duced by Belenky and Popowa (10), also showed that the hippurate-hydrolyzing 
bovine strains grow on blood agar containing 40 per cent bile, whereas human 
strains and the non-hippurate-hydrolyzing bovine strains only grow to a slight 
extent on 10 per cent, andmrely on 40 per cent bile blood agar. 

Although these and other biochemical and cultural tests have been 
useful in the differentiation of hemolytic streptococci from various 
sources, a serological test w^ould add considerable weight to conclusions 
regarding the origin of a particular strain. The agglutination reaction 
has heretofore proved unsatisfactory for this purpose on account of (c) 
the troublesome spontaneous agglutination so commonly encountered 
among streptococci, (b) the non-specific cross-agglutination, difficult 
of interpretation, and (c) the existence of so many different specific 
types as to make identification of strains impractical by type-specific 
agglutination. In addition to these difficulties, the agglutination 
reaction has been found inadequate for group classification in the pres- 
ent study because it does not disclose the specific groupings revealed 
by the results of the precipitin reaction. This lack of parallelism 
between the agglutination and precipitation tests may, in part at least, 
be attributable to the distribution within the cell of the various constit- 
uents. An insufficient concentration of the specific group antigen at 
the surface of the bacterial body might prevent the union of this 
antigen with its antibody with the result that group agglutination 
w’ould not occur. WTien, however, the cell constituents are extracted 
and in solution, the reaction betw'cen the group-specific substance and 
its antibody is no longer masked. 

These obstacles can be overcome to a large e.xtent by cmplojing the 
precipitin reaction. This test is apparently dependent on the presence 
in streptococci of substances characteristic of the large groups although 
not specific for the typts within the groups. For some years it has 
been known that hemolytic streptococci of human origin contain a 
carbohydrate, the so called C substance, which is not tj^e-spedfic (11)- 
and this was predously thought to be identical in all hemolytic strepto ’ 
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reactions between members of this group and antisera for other groups 
were a few slight disc-like precipitates observed with extracts of two 
strains. 

Strain M 216 gave a cross-precipitin test with Group C antiserum in addition to 
the much stronger major reaction with Group B antiserum. Strain K 158 A gave 
a cross-reaction with Group D antiserum, but here again the reaction witli Group 
B antiserum was much more marked. In both instances all otlier characteristics 
were typical of Group B. The strains of this group were all similar in their bio- 
chemical and cultural characteristics. They fermented dextrose in broth to a 
final pH of 4.4 to 4.6; all hydrob^'zed sodium hippurate; they did not reduce 
methylene blue milk; they grew actively on blood agar containing even 40 per cent 
bile; the}^ were similar to strains of Group A in fermenting trehalose but not sorbi- 
tol; and they were not susceptible to streptococcus bacteriophage. 

Group B, comprising 21 strains chiefly of bovine origin, corresponds to the group 
called Streptococcus viastitidis by many authors. In tliis series two strains isolated 
from man and one from a rabbit also fell into this group on the basis of the precipi- 
tin test, a finding confirmed in all three instances by the cultural and biochemical 
characteristics. One of these, Strain K 198, was obtained in almost pure culture 
from the throat of a child who had been exposed to scarlet fever. Neither at the 
time of taking the throat culture, nor subsequently, did she develop any s3mxptoms 
of the disease, and it was ascertained that she had always drunk impasteurized 
certified milk. 

There is some uncertainty concerning the source of Strain O 90, another excep- 
tional member of this group, in that it also has a historj’’ of human origin. Dr. E. 
W. Todd, who furnished the culture, states (18) that it is an encapsulated strepto- 
coccus coming originally from Dr. Wamoscher as one of Aronson’s scarlatinal 
strains. Dr. Todd also sent us the strain “Aronson Schnitzer,” with the note that 
it was entirely different from the other Aronson strain. “Aronson Schnitzer” 
(O 89 in our series) fell into Group A, while “Aronson Wamoscher” (0 90 in our 
series) had all the cliaracteristics of Group B. Strain 0 90 could, in fact, be identi- 
fied as a member of this group both by its cultural and biochemical characteristics 
and by the specific precipitin reaction characteristic for this group. 

No. K 158 A, the third strain in tins group not isolated from cattle or milk, was 
obtained from a rabbit which had been used in the laboratory for testing vaccine 
virus. 

Group C . — The members of Group C were derived from a variety of 
animal sources other than man. This group of 49 strains distinguished 
by the specific anti-C precipitin reaction, is largely composed of strains 
which have, by other methods, been difficult, or at times impossible, 
to differentiate from hemolytic streptococci of human oripn. By 
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serum, the resulting culture vras relatively devoid of t}^e>specific substance and 
proved the best antigen for inducing the formation of anti-C precipitins specific for 
each group. 

Antisera for the strains of human origin (Group A) vrere chiefly those vrhich had 
been prepared previously by a method already described emplojung increasing 
doses of heat-killed or^nisms followed by living culture (13 c) although the 
method noted above was satisfactory" for these strains also. With many of the 
strains of the other groups it was impossible to use a scheme of immunization 
necessitating the injection of living culture, since too great a loss of animals 
resulted. 

Antisera were tested with extracts of both homologous and heterologous strains 
of the same group in order to make sure of the presence of the group anti-C precipi- 
tin. The ty"pe-specific antibody for a subgroup, or t}"pe, was often present in addi- 
tion to the group anti-C precipitin used in this classification, and w’as sometimes 
the only antibody present. Consequently if an extract of the homologous strain 
were the only one used in testing a serum, a tyqie-specific reaction might be ob- 
tained w'hich would mask the group, or anti-C, precipitin reaction, and the presence 
or absence of this anti-C precipitin might not be discovered. Since this classifica- 
tion is based on the anti-C precipitin reaction, it was essential in testing antisera to 
employ an extract of a strain of heterologous t>"pe but homologous group, as 
measured by the anti-C reaction. 

2. ExItqcIs, — ^Extracts were made by a method pre\dously employed in prepar- 
ing the t>"pe-specific substance, M, of strains of human origin (13 6). The bacterial 
sediment from 250 cc. of an 18 hour broth culture was suspended in 5 cc, of physio- 
logical salt solution containing sufficient normal hydrochloric acid to make a final 
concentration of n/20 HCL The reaction of the suspension was tested with Congo 
red paper and, if necessary", enough hydrochloric acid was added to turn the paper 
blue. The tube was then immersed in boilbg water for 10 minutes, cooled imder 
running water, and centrifuged. The supernatant fluid was neutralized, the 
resulting precipitate discarded, and the water-clear supernatant fluid was used in 


the precipitin test. Obviously, such a crude extract contained a mixture of 
substances, but these did not interfere with the reaction under consideration. 

J. Prccipilin Tcstr—ln performing this test increasing amounts of extract were 


pbeed in a scries of tubes; usually 0.4, 0.1, and 0.025 cc. constituted the series. 
The volumes were made up to 0.4 cc. with normal salt solution, and a control tube 
witli 0.4 cc. of tlic same diluent was included. A constant volume of 0.2 cc. of 
undiluted antiserum was layered in each tube and allowed to stand for 10 to 30 
minutes either at room temperature or in the water bath at 37=C. in order to 
formation. The tubes were then shaken and incubated for 2 hours 
at Cit C. in the water bath. Final readings were made after the tubes had stood 
overnight in the icc box. Sometimes a larger series of dilutions was emploved 
mt no d-ffcrcncc m result v.-as obuuned. Extracts from all strains rvere t,^t^ 
the same nay as Uiosc detailed in Table I, but the results o' thr . 7 

conic.,. i„ To.,c „ ooi U.C ^ 
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Serological Grouping and Summary of Biochemical and Cultural Characteristics of All Strains 
Group C: Strains Isolated from a Variety of Lower Animals 
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from that isolated by Gark and Clark from sewage (15). Either the Berkefeld 
filtrate of a lysed culture, or the unfiltered culture, cr^^stal-dear after lysis by the 
phage, was used in these experiments. The only difference observed in filtered or 
unfiltered reagent was that the filtered phage was somewhat less active. Controls 
of culture plus broth were also included. The tubes were incubated at 37°C. 
for from 1 to 18 hours; but lysis was usually complete in 1 hour if it occurred at all 
Overgrowth of resistant forms was frequently observed if the tests were incubated 
overnight. 


RESULTS 

The specific gjoupings presented in the tables were made entirely 
on a serological basis according to the results of the anti-C precipitin 
test. Table I shows the details of a representative series of precipitin 
reactions typical of the results obtained with all the strains and re- 
corded in Table 11. A control series of precipitin tests with extracts 
prepared from cultures of Streptococcus mridans is given in Table III. 
The striking group specificity is obvious from Table I. Thus, precipi- 
tin tests with extracts of the two representative strains from Group A 
showed very similar titers with antiserum prepared against another 
strain of Group A, and did not give any cross-reactions with antisera 
prepared against hemol 3 ’tic streptococci of the other four groups 
represented. The same relationship exists within the other groups: 
the members of each group react only with serum specific for that 
group. The correlation between the sources of the cultures and the 
specific groups into w’hich the strains are differentiated serologically is 
also made evident in Table L Group A is composed largel}" of strains 
of human origin; Group B is made up of strains derived from mastitis 
in cows and from normal milk; Group C contains strains from various 
lower animals; Group D comprises only strains obtained from cheese; 
and the few’ strains in Group E were all isolated from certified milk. 

Of the 106 strains studied in this series, 104 were classified into five 
groups, as shown in Tables I and 11; tvro strains in the series remained 
unclassified. Ten strains of Streptococcus uridaus included as controls 
failed to react in any of the group-specific sera. It is reasonable to 
suppose that with a more extensive sur\’ey additional groups may be 
found, but the number and varied source of the strains studied^ are 
sufficient to establish the prindplc that broad distinct groupings of 
hemolytic strcplococd can be made serologically. Xo significance can 
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The three remaining cultures highly susceptible to bacteriophage formed Group 
E; but a few considerably less susceptible strains were included in Group A, so that 
this test was not specific for any serological group or groups, although its close 
association with Groups C and E was noteworthy. 

One series of cultures in this group, supplied by Dr. F. H. Fraser of the Uni- 
versity of Toronto, is of particular interest and illustrates how useful this test may 
be. Strains K 171, A, B, C, and D, isolated from guinea pigs in a spontaneous 
epidemic caused by hemolytic streptococci, all proved to be members of Group C; 
while Strains K 171 E, F, and G, isolated at that time during routine examinations 
of the throats of healthy attendants, all fell into Group A, the group containing the 
larger majority of strains from human sources. 

Group D . — Group D, a uniform group of eight strains all derived 
from cheese, were among those used by Avery and Cullen (1) in their 
study of the final hydrogen ion concentration attained by hemolytic 
streptococci. 

These strains attained a final pH in dextrose broth of 4.2 to 4.3; they hydrolyzed 
sodiiun hippurate, but only to a slight extent; they grew readily in methylene blue 
milk and reduced it overnight; they grew luxuriantly on blood agar containing as 
much as 40 per cent bile; they were variable in their fermentation of trehalose and 
sorbitol, although six of the eight strains examined fermented both; and they were 
not susceptible to lysis by streptococcus bacteriophage. 

Group E . — Group E comprised three strains isolated by Dr. J. H. 
Brown from certified milk. They were members- of Groups 3 and 6 
described by Brown, Frost, and Shaw (3). On preliminary examina- 
tion they were thought to be members of Group C of this series because 
one of them, K 131, showed some cross-reaction with Group C antisera 
and because all three were very hemolytic on blood agar plates and 
also markedly susceptible to streptococcus bacteriophage. Further 
work showed that the precipitin reaction of Strain K 131 with Group 
C antisera was a minor one, not exhibited by the other two strains, 
and that antisera prepared against these three strains showed strong 
precipitin reactions with extracts of all three. 

The antisenun from one rabbit immunized wth Strain K 129 showed traces of 
cross-reactions with almost all e.\tracts tested. This was not evident with the 
antiserum from another rabbit; hence it was felt that this difference had to do with 
an indhddual rabbit variation rather than with antigens contained in this strain. 


* See footnote (♦) to Table II d. 



EEBECCA C. LAKCEFIELD 


579 



be attached to the relative proportions of the several groups since the 
strains other than those of human origin vere chiefly obtained vithout 
reference to the frequency of their occurrence.^ 

Because the so called anti-C reaction previously studied in members 
of Group A vras found to be due to a carbohydrate, it seems probable 
that comparable substances of this nature are responsible for the 
specific reactions in the other groups. The marked group specificity 
of these substances is apparently an important factor in the notable 
lack of cross-reactions among groups. Another factor is the nature 


I am grcaUy indebted to Dr. O. T. Averj- and Dr. E. G. StiUman of The 
Rockefeller Institute Hospital; to Dr. Theobald Smith, Dr. F. S. Jones, and Dr. 
J. B. Kelson, of The Rockefeller Institute at Princeton, K. J ; to Dr J H Brown" 
of the Johns Hopldns University; to Dr. \Y. K. Plastridge, of Stor^ Agricultural 
Expenment Station, Storrs, Connecticut; to Dr. P. R. Edwards, of the Universitv 
of Kentucky; to Dr E. M. Butt, of the University of Southern California; to Dr 
F. H. Fraser, of Uie University of Toronto; to Dr. F. L. Mickle, of the Connecting 
State Department of Health, Hartford, Connecticut; and to Dr E W Todd 
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The cultural characteristics of this group were the following: the final pH at- 
tained in dextrose broth w^as 4.6 to 4.8; sodium hippurate was not h 3 'drolyzed; 
methjdene blue milk was not reduced; growth w^as not obtained on bile blood agar 
even when the concentration of bile was only 10 per cent; both trehalose and 
sorbitol w^ere fermented; and the streptococcus bacteriophage caused rapid lysis 
of all three strains. It is not known how extensivel}^ this group is distributed, 
nor whether it is composed entirel}’’ of strains derived from milk, although the 
three classified here were isolated from certified milk. 

U^iclassified Strains, — Two strains were not classifiable in any of the 
above groups. 

One of these, Strain K 130, from certified milk, was very similar culturally to 
the strains isolated from cheese. It was not as high an acid producer-as the latter, 
reaching a final pH of only 4,6 in dextrose broth; in all other cultural and bio- 
chemical characteristics it was similar to members of Group D. Serologically, 
how^ever, it was quite distinct. An extract prepared from a culture of Strain K 130 
did not precipitate Group D antisera; and antisera prepared against Strain K 130 
reacted with it alone out of the 106 strains in this series. A strong cross-reaction 
was observed between extracts of this strain and two antisera against strains of 
Group A, although other antisera prepared against the same strains at the same 
time showed no trace of cross-reaction. The homologous K 130 antiserum gave, 
however, the strongest reaction of all. 

The other tmclassified strain, K 208, of human origin, showed no hemob'^sis on 
the surface of blood agar plates until after 2 or 3 da^^s’ incubation. Deep colonies, 
how^ever, showed definite zones of hemolysis after 18 hours’ incubation, leaving no 
room for doubt that it w^as a beta hemob^tic (21) t 3 ^pe of streptococcus. This 
strain w^as isolated from a tooth abscess, and culturalb" was similar to the strains 
of Group A, although serologically it w^as different from all the strains for w^hich 
antisera w^ere available. No antiserum for this strain was prepared. 

Streptococcus viridans, — Table III shows the results of the precipitin 
reactions of ten strains of Streptococcus viridans which were used as 
controls. 

One of these. Strain K 157, was isolated from a guinea pig infection by Dr. 
Theobald Smith (20) and designated ‘^Strain C” in his series, and the rest were 
from patients in hospitals. Strain A 84 showed a slight cross-reaction \rith a 
Group B antiserum, and Strains 38 D and K 157 showed a trace with a Group D 
scrum, but all others tested were negative. 

Other Cultural Characlcrislics, — ^In addition to the characteristics 
of the hemolytic streptococci listed in Table II certain others %vcrc 
obserV'Cd. 
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of the crude extracts employed which, although composed of a mixture 
of active substances, nevertheless contained little or none of the protein 
fractions, such as P, because, by the method of extraction, most of the 
acid-predpitable and heat-coagulable proteins are removed from solu- 
tion. In addition, the antisera were prepared in a manner calculated 
to prevent the formation of much protein antibody. Consequently, 
even with such a complex antigenic mosaic, only a minimal number of 
cross-reactions was observed. These occurred as disc precipitates and 
were usually so slight as almost to escape detection. The major reac- 
tion was generally strong enough to make the proper classification 
evident even without the confirmatory evidence of the biochemical 
reactions. Further work is necessary before the nature of this disc-like 
cross-reaction can be ascertained- The few exceptions to the group 
specificity commonly observ’'ed are indicated in Table 11 and are con- 
sidered in detail in the discussions of the groups in which they occur. 

In addition to a summary of the precipitin reactions, all of which 
were performed in the same manner as the tests recorded in Table I, 
Table II contains results shovdng the correlation between the sero- 
logical reactions and certain of the cultural and biochemical reactions 
found of value by other investigators in differentiating hemolytic 
streptococci. The marked susceptibility to lysis by bacteriophage, 
exhibited by members of the two groups, C and E, and previously 
reported (16), is also recorded in Table II. The results of all these 
tests were used as confirmatory evidence of the validity of the present 


Foolnotcs to Table II a 


In Tabic II, + indicates a positive reaction, and — indicates a negative reaction. 
In the predpilin tests and the test for the hydrol>*sis of sodium hippurate, this is a 
condensed form and represents a titration using several dilutions. The degree of 
growth on bile agar is represented by 4 - to 4-+++. The details of the performance of 
all tests arc given under McUiods. 

• Growth and reduction after 3 daj-s’ Incubation. 

t Isolated from healthy indMduals during an epidemic of scarlet fever and septic «orE 
throat in which K 1 51 D and K 1 51 E were obtained. All four are of the same scrolo-dral 
as Strain C 203 (22). ® 


t Obtained from Dr. O. T. .^verj’. Considered to 
Cullen (1) as well as hy Smith and Brown (17) who 
septic sore throat. 


be a human strain by Avcr 3 ’ and 
isolated it during an epidemic of 
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mucoid colonies. This was especially true of Strain P 230 of this series (“Strain 
A” of Dr. Theobald Smith (20) who isolated it from Ijmiphadenitis in a guinea pig). 
This strain was highly virulent for rabbits, and passage through animals of this 
species was far more effective in restoring the mucoid colony form and the accom- 
panying high degree of virulence than passage through otlier animals. Blood 
agar cultures of these strains changed markedly in appearance after 2 or 3 days 
either at room temperature or in the incubator. The areas of hemolysis, which at 
first surrounded the individual colonies, soon merged until tlie whole sector on 
which the culture was plated became hemotyzed. At the same time the colonies 
became transparent and seemed to imdergo tysis to a certain extent, although they 
did not entirely disappear. It was suggested in a previous paper (16) that this 
might be due to the presence of a bacteriophage associated witli these cultures, 
especially since the majority of these strains were markedly susceptible to the 
action of a bacteriophage isolated from sewage (15). 

The general question of virulence among the strains of the groups 
described was not systematically investigated, although incidental 
observations were made. The strains of Group A, largely of human 
origin, were usuall}'- of low virulence for laboratory animals, although 
in most instances this could be enhanced for a given species by repeated 
passage. Some of the strains of Group B were highly virulent for 
rabbits and mice, for example Strains 0 90 and K 158 A; and most of 
those of Group C were virulent for these animals and for guinea pigs 
as well. It was, indeed, usually difficult to immunize rabbits with 
living cultures of members of this last group. No information in 
regard to virulence is available concerning members of the other groups. 

DISCUSSION 

The data presented in this paper show that hemolytic streptococci 
can be differentiated serologically by means of the precipitin reaction 
into distinct and sharply defined groups which are not disclosed by the 
agglutination reaction. The test is relatively simple and gives results 
wliich are strikingly uniform and consistent. The reagents essential 
in carrying out the test are heat and hydrocliloric acid extracts of the 
microorganisms and the sera of rabbits immunized with formalinized 
cultures. 

One hundred and four of the 106 strains of hemolytic streptococci in 
this study were classified into five groups, w'hile each of the tw'o re- 
maining strains was different from all others in the series. Ten strains 
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the occurrence in all the groups of chemically related but serologically 
specific substances. The group-specific substance found in strains 
of human origin has been identified as carbohydrate in nature. At 
present, however, no information is available concerning the chemical 
composition of the determinative substances which differentiate the 
other groups.® Although the carbohydrate C, identified in members of 
Group A, was formerly thought to occur in all hemolytic streptococci, 
study of strains from different animal sources now indicates that other 
groups of hemolytic streptococci elaborate similar substances distinct 
from the C fraction of Group A and characteristic for each specific 
group. This is the basis of the serological test used in the present 
classification. 


SUMMARY 

1. All except two of 106 strains of hemolytic streptococci isolated 
from man, other animals, milk, and cheese have been classified into 
five groups, which bear a definite relationship to the sources of the 
cultures. These broad groups may be subdivided into specific t)T)es 
by methods discussed elsewhere. The specific group classification is 
made possible by employing two special reagents: (a) extracts pre- 
pared by treatment of the bacteria with hot hydrochloric acid, and (^) 
serum of animals immunized with formahnized cultures. This differ- 
entiation is not detected by the agglutination reaction. The grouping 
agrees with that described by other investigators on the basis of cul- 
tural and biochemical characteristics. 

2. The group-specific substance present in strains of Group A has 
been identified chemically as carbohydrate in nature. The chemical 
composition of the specific substances upon wliich the specificity of tlie 
other groups depends has not been determined. It seems not unlikely, 
however, that all of them ma}’- belong in the general class of carbo- 
hydrates, each being chemically distinct and serologically specific in 
the individual groups. 

® At the time that proof was read (Feb. 25, 1933), additional data were avail- 
able which show that the substance which determines the specificity of Group 
B is also carbohydrate in nature. 
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means of the precipitin reaction, however, the specific differentiation of 
this group is unequivocal. The single cross-reaction observed was a 
slight disc-like precipitate formed when an extract of Strain K 106 was 
tested with certain antisera for Group B, but not with all antisera. 


All of the 18 strains isolated from guinea pigs belonged in this group together 
with most of those from rabbits, the majorit>" of the strains of bovine origin which 
did not hydrob'ze sodium hippurate, and all strains originating from diseased 
horses, foxes, svine, and chickens. The strains from the last four sources, as well 
as a number from cattle, were kindly supplied by Dr. P. R. Edwards. Strepto- 
cocci of bowne origin which have been described as having cultural characteristics 
very similar to those of the strains in thb group have caused several English and 
German investigators (4) to express doubt concerning the possibOitv' of distin- 
guishing them from strains of known human origin, although Dr. Edwards was 
able to differentiate 94 per cent of those he examined by means of the fermentation 
of two substances. By comparing the cultural and biochemical characteristics of 
this group with those of Group A it is easy to understand the possible difficulty in 
deciding definitely on the basis of these tests that strains of Group C are not of 
human origin. The members of this group had a final pH range in dextrose broth 
of 4.6 to 4.9, which was intermediate between the ranges of Groups A and B, 
and indeed, overlapped to some extent the pH ranges of these two groups. The 
strains of Group C vrere also similar to those of Group A in the following respects: 
they did not hydroh’ze sodium hippurate nor did they usually reduce methylene 
blue in milk, although a few exceptions were observed after 48 hours* incubation; 
and only one strain grevr on 40 per cent bile blood agar, but most of them grew more 
or less abundantly on blood agar containing 10 per cent bile. Forty-five of the 
49 strains in this group fermented sorbitol and not trehalose, a characteristic 
distinguishing them from streptococci of human origin. Four strains did not 
ferment either of these substances. Two of these, K. 155 B and K 196, were Sirep- 
(ococciis cgui according to Holman's classification (19); and Edwards found that 
among the streptococci examined by him only Slrcplococczis cqzti failed to ferment 
either sorbitol or trehalose. In the present series, tv;o strains isolated from guinea 
pigs (Strains P 230 and K. 104) also left these substances intact, but differed from 
Slrcptoccccus cqui in fermenting lactose. 


As reported in a prerious paper (16), the majority of hemoh'tic streptococci 
susceptible to the bacteriophage originally isolated by Clark and Clark (15) were 
found in this group; and only two strains included in the group were not subject 
to I>*sis in these experiments. Of these, K 196 was tested on one occasion only, 
but K. 155 L was tested repeatedly under the most favorable conditions. Wth 
this culture it is possible that resistant forms had entirely overgrown the non- 
resistant. This was suggested partly by the fact that growth of the culture on* 
blood agar pblcs always occurred in the form of fine, dr>* colonics without mucoid 
characteristics. This growth was similar to that of a resistant subculture of 
original susceptible strain (R 226). 
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inspection when animals were sacrificed) next showed that whenever 
a marked increase in erosion took place, an increased gastric reten- 
tion of test material was involved. Possible changes in gastric acidity 
were therefore more or less obscured by this complication, but data 
thus secured served very well for a study of the development of 
gastric retention and pylorospasm. 

Methods 

Inasmuch as the method chiefl}?' used was primarity devised to obtain data 
concerning gastric erosion, it was not as simple as one which might have ser\^ed to 
yield suitable data regarding gastric retention. After a few preliminary tests, 
a definite number of weighed pieces of metal were general^ given to tlie rats three 
times daily — morning, afternoon and evening. Thus, from 50 to 200 pieces of 
metal of a single type would usually be given to each animal during a 3 day period. 
Then some other type of test metal would be given during the next 3 da 3 "s, and so 
on. No type of test material was again given to a rat until all of the type previ- 
onsly given was recovered or otherwise accounted for. 

The following first eight t}T)es of test material (steel, iron and aluminum) were 
used in the main study: (1) 1/16 inch (about 1.6 mm.) stainless steel balls, such as 
are used in ball bearings (Fig. 1). 200 of these, weighing about 3.2 gm., were gen- 
erally given during 3 day periods. B efore being used, the new steel balls were slightly 
eroded with HCl to break the smooth surfaces. (2) 1/16 inch ordinar}’' or hardware 
grade steel balls. The weight of these and the amount given was about the same 
as in the case of stainless steel balls. This and other t 3 ’’pes of reused test material 
tliat tended to rust were alwa 3 ^s cleaned witli HCl and dried with alcohol and 
ether before being weighed and given again to the rats. (3) Pieces of No. 15 
(Brown and Sharpe gauge) soft iron wdre, 2 to 3 mm. long, cut sheer wdth square- 
cutting pliers. 100 pieces, ^Yeighing about 3 gm., w^ere usualb’’ given during 3 day 
periods. Before tliis type of material w^as given to rats, it had been given to rabbits 
in an attempt to produce gastrointestinal lesions b 3 ^ mechanical irritation (5). 
The material w^as consequently somewfiat eroded and erosion of this t 3 ^pe of 
material mainb’' caused pitting at tlie ends of the pieces. (4) Pieces of No. 15 
soft iron wire about twdce as long as the preceding, but with the ends rounded in a 
latlic. 50 pieces, weighing about 3 gm., w’ere genera Ity used in 3 day tests. (5) 
Pieces of No. 18 soft iron ware, cut sheer after tlie ware was first cleaned watli emery 
cloth. 100 pieces, w’eighing about 2.4 gm., were given during 3 da 3 ’’ periods. 
This w’as the onb" t 3 ’pe of test material that was given only in the form of new 
material each time — other t 3 'pes were used repeatedb" after recovery'' and cleaning, 
unless eroded too much. (6) Pieces of No. 18 aluminum wire about 4 mm. long. 
100 pieces, w’eighing about 1.2 gm., w’erc used in 3 da 3 ’ tests. All aluminum mate- 
rial W’as sLmpb’ cut sheer watli square-cutting pliers and was used after the smooth 
surface was broken b3’ erosion wdtli HCl ifi iHfro, (7) Pieces of No. 16 aluminum 
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rats used in these tests developed gastric retention. This happened 
whether the diets were high in fat or high in carbohydrate (Text-figs. 
1, 2 and 3), although diets high in carboh 3 '’drate were somewhat more 
effective here. Some of the variations in the results of protein restric- 
tion were evidently due to differences in the previous diets of the rats. 
Thus, Rat 916 (Text-fig. 1), which had previously been kept on an 
adequate stock diet, developed gastric retention only after a prolonged 
period of protein restriction, while Rat 866 (Text-fig. 2), whicli had 
been kept during the previous 3 months on diets low in fat and includ- 
ing large additions of kaolin and sand, developed gastric retention 
immediately after it was placed on a diet of white bread only; and 
this retention persisted when the diet was changed to one high in fat 
but still low in protein. In all (4) of the 7 rats in which we tried to 
produce gastric retention a second time with diets low in protein, after 
clearing up the first retention by protein realimentation, this proved 
to be possible. 

In most cases, the gastric retention of metal did not develop until 
after the animals lost more or less weight and this might suggest that 
the retention wa^ a consequence of a general weakening of tire rats 
as a result of undernutrition. However, tests in which Rat 912 
(Text-fig. 3) and another rat (Rat 911) were given only about 2 gm. 
daily of a diet adequate in its protein content (21 per cent) showed 
that gastric retention was not a consequence of simple undernutrition. 
This is in agreement with the finding of Menville, Ane and Blackberg 
(7) that the gastrointestinal rate in rats is accelerated by such semi- 
starvation. It is also consistent with our observation that prep 3 doric 
lesions were rarely occasioned by starvation, although they frequently 
developed with diets low in protein (8). On the other hand, the onset 
or prolongation of gastric retention, when protein realimentation was 
attempted in the rats, suggests that severe undernutrition or prolonged 
protein restriction increased the irritability of the p 3 doric region, as 
was previous^ noted in man (9). Thus, Rat 909 (Text-fig. 2), which 
did not develop gastric retention during 42 da 3 "s of protein restriction 
(2.5 per cent protein and 54 per cent fat), developed transient retention 
immediate^' after the diet was changed to one containing 63 per cent 
protein and 22 per cent fat. Likewise, Rat 912 (Text-fig. 3) showed 
transient retention with diets high in protein after periods of protein 
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The deg-e. of he^ob- ^ My 

members of Group B vrere e ^ Gionp D still more hemolytic 

+ + ” r»d 

edly hemolytic (about + + + +)• 

TABLE HI 

Precipitin Tests vnth Ccttrol Group of Slrepiococcus viridans Cultura^ 


Streptococcus viridans 


Strain 



Extract 


u, 

0.4 

0.1 

0.4 

0.1 

0.4 

0,1 

0.4 

0.1 

0.4 

0.1 

0.4 

0.1 

0.4 

0.1 

0.4 

0.1 

0.4 

0.1 

0.4 

0.1 


0.2 cc. antiscmm for hemolytic streptococci of Groups 


• See footnote Table I for cross-reactions of one antiserum for Group E. 


WTicn grown on the surface of blood agar plates the colonies of the 
last two groups (C and E) had a distinctive appearance. 

After 16 hours* incubation thc>* v^'crc translucent and many had a de’;vdrop or 
mucoid appearance. Frequently, ttvo U-pcs of colonics vrerc obsert'cd, one more 
mucoid and the other almost pin-point; this Upc tended to become predominant 
after prolonged cultivation on artificial media. Animal passage restored the 
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of Streptococcus inridans, included as controls, did not fall into any of 
these groups. The strains of hemolytic streptococci were of human, 
bovine, and other animal origin, and also included several strains from 
cheese. They were obtained from numerous laboratories, chiefly in 
this country and Canada, with a few from England and Germany. 
It is an interesting phenomenon that the animal source was closely 
correlated with this grouping. Thus, Group A comprised chiefly 
strains of human origin; Group B, chiefly strains of the high acid- 
producing, sodium hippurate-hydrolyzing variety isolated from bovine 
and dairj’’ sources; Group C contained strains from a variety of animal 
sources and included those strains of bovine origin which attained an 
intermediate final pH of about 4.8 and did not hydrolyze sodium hip- 
purate; Group D included strains from cheese only; and Group E 
comprised three strains from certified milk, and may be only a small 
number representing a larger group. Doubtless, other groups would 
be found if streptococci from other sources were examined, but this 
series seems sufiident to establish the principle of specific group differ- 
entiation by serological methods. The subdivision of some of these 
groups into specific types has been accomplished by methods discussed 
elsewhere, and further work on this subject will be reported in another 
paper. 

A few minor cross-reactions between groups were observed, but they 
were so slight as not to interfere udth the specific identification of the 
strain in question. The results of the serological method of differentia- 
tion were brought into relationship with those based on biochemical 
and cultural reactions by a comparative study of the tests which, from 
the rather large number available, had been found most satisfactory 
by other investigators, together with an additional means of differ- 
entiation dependent upon marked susceptibility to streptococcus 
bacteriophage. The striking correlation between the results of the 
serological method and those based on biochemical and cultural re- 
actions confirms the classification obtained by the serological method 
and adds much weight to its validity. Members of the groups differ- 
entiated by cither method can usually be distinguished bv tlieir 
biochemical characteristics; they arc, however, much more* easily 
and specifically identified by the anti-C precipitin test. 

The specificity of the precipitin reaction is probably dependent upon 
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restriction and undernutrition. In all cases in this study, the gastric 
retention associated with the beginning of protein realimentation was 
soon reduced or cleared up entirely with further realimentation. But 
similar or more acute gastric retention, when realimentation was 
attempted after prolonged fasting in an earlier study (10), evi- 
dently accounted for the deaths of a number of rats. 

An investigation of the effect of alcohol, added to the diet, was also 
made in the present study. Dry food was soaked in solutions of alco- 
hol (from 25 to 50 per cent) and offered as a paste (alcoholic diet) to 
the rats. Often the animals refused to partake of the fresh mixture 
and waited until more or less of the alcohol had evaporated. The 
higher concentrations evaporated so much faster than the weaker 
solutions that the amount which the animals took and the net effects 
were apparently the same. Gastric retention, following the giving of 
alcoholic solutions to rats, has already been observed by Cori, Vil- 
liaume and Cori (11). In the present tests, alcoholic diets low in pro- 
tein produced greater gastric retention and correspondingly more 
erosion than diets in which alcohol was not used. With alcoholic diets 
adequate in protein, gastric retention was also produced or prolonged, 
in spite of substantial gains in the weight of some of the animals (Rat 
912, Text-figs. 3 and 4). This again showed that gastric retention or 
its absence did not depend directly upon the general condition of the 
animals. Retentions produced by alcoholic diets promptly cleared up 
again when the use of alcohol was discontinued. 

Text-fig. 4 indicates the results when a somewhat simpler method 
was tried than that used in obtaining the data concerning gastric 
retention upon which Text-figs. 1, 2 and 3 were based. The object 
at first was to give only a single injection of test material daily and to 
use onty a single t)q)e of material throughout. As the larger and 
rougher pieces of test material appeared to be retained in the stomach 
more commonly than the smaller and smoother material, it was de- 
cided to use the shanks of 2-56 iron machine screws — about the largest 
and roughest material we ever gave to rats (Fig. 1). However, in the 
hope of also demonstrating a differential gastric retention of dissimilar 
materials, a small and smooth type of test material (stainless steel 
balls) was likewise given daily (excepting when a separation of ma- 
terial injected during different periods was desired). The results 



REBECCA C. LAKCEFIELD 


595 


BIBLIOGRAPHY 

1. Avery, 0. T., and Cullen, G. E., J. Exp, Med,, 1919, 29, 215. 

2. Ayers, S. H., and Rupp, P., J, Infect, Dis,, 1922, 30, 388. 

3. Brown, J. H., Frost, W. D., and Shaw, M., J. Infect, Dis,, 1926, 38, 381. 

4. Minett, F. C., and Stableforth, A. W., J, Comp, Path, and Therap,, 1931, 44, 

114. 

5. Smith, J., J. Path, and Bad,, 1929, 32, 401. 

6. Seelemann, M., and Hadenfeldt, A., Zenir, Baht,, 1. Alt,, Orig,, 1930, 118, 331. 

7. Diemhofer, K., Arch, Wissensch, ii. prakt, Tierheilk,, 1930, 61, 181, 296. 

8. Edwards, P. IL, J, Bad,, 1932, 23, 259. 

9. Avery, R. C., J, Exp, Med,, 1929, 60, 463. 

10. Belenky, D. E., and Popowa, N. N., Zenir, Baht., 1. Alt,, Orig,, 1929, 113, 22. 

11. Lancefield, R. C., J, Exp, Med,, 1928, 47, 481. 

12. Hitchcock, C. H., J. Exp. Med., 1924, 40, 445. 

13. Lancefield, R. C., J, Exp, Med,, (o) 1925, 42, 397; (5) 1928, 47, 91; (c) 1928, 

47, 469; (d) 1928, 47, 843; (c) 1928, 47, 857. 

14. Heidelberger, M,, and Kendall, F. E., J, Exp, Med,, 1931, 64, 515. 

15. Clark, P. F., and Clark, A. S., J, Bad. 1926, 11, 89; Proc. Soc, Exp, Biol, and 

Med,, 1926-27, 24, 635. 

16. Lancefield, R. C., Proc, Soc, Exp, Biol, and Med,, 1932, 30, 169. 

17. Smith, T., and Brown, J. H., J. Med. Research, 1915, 31, 455. 

18. Todd, E. W., Brit, J, Exp, Path,, 1930, 11, 368. 

19. Holman, W. L., J. Med. Research, 1916, 34, 377. 

20. Smith, T., Internai, Clin., 1931, 276. 

21. Brown, J. H., The use of blood agar for the study of streptococci, Monograph 

of The Rockefeller Institute for hledical Research, No. 9, New York, 1919. 

22. Welch, H., and hlickle, F. L., Am, J, Eyg,, 1933, 17, 229. 



606 


PYLOROSPASM AND GASTRIC RETENTION 


confirmed what had already seemed evident; namely, tliat some- 
times mainly the larger and rougher test material is retained while at 
other times all types of material, including food and fluid, seem to be 
retained in equal degree. With the method here used, evidence of 
marked erosion during the periods of gastric retention was not ob- 
tained, partly, because of the impossibility of separating material 
given during tlie different periods when the same type is given through- 
out and, also, because both the screw shanks and the stainless steel 
balls resisted erosion considerably. 

The curves indicating gastric retention, particularly in Text-figs. 2 
and 3, show a periodicity that suggests the introduction of an artifact 
by the use of the test material. That is, it seems that the accumulat- 
ing test material might have stimulated motor activity, with the 
consequence that mass movements of material through the pylorus 
occurred periodically and in spite of a tendency toward retention. 
If this were true, a reduction of the amount of test material given daily 
would be expected to permit a more prolonged accumulation in the 
stomach and this was apparently demonstrated in the latter part of 
Period B, Text-fig. 4. During Period B only two-fifths as much test 
material was given as in Period A. The retention during Period B 
became more prolonged but it did not become as great absolute^. A 
greater reduction in the amount of test material given daily might 
have been still better but observations on other rats tliat were fed 
diets tending to produce gastric retention showed that considerable 
variations in the food intake occur, even when no metal is given. 
This suggests that a true periodicity, at least in the degree of gastric 
retention, exists. In fact, a periodicity is very likely created by the 
factors involved in gastric retention. Retention leads to a restricted 
food intake and this, as the experiments with undernutrition showed, 
does not favor the production of gastric retention and perhaps even 
helps to relieve one. \\rhen the stomach empties, food likely to cause 
a recurrence of gastric retention might again be eaten, and so on. 

DISCUSSION 

There can hardly be any doubt that data such as are represented in 
Text-figs. 1 to 4 ser\'e quite well to indicate when gastric retention 
occurs but they tell us nothing about the state of the pylorus. The 
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Pylorospasm and gastric retention in man have been regarded as 
important factors in the genesis of peptic ulcers (1) but the factors 
controlling pyloric function and gastric evacuation have continued to 
remain more or less obscure (2). Attempts to produce pylorospasm 
in dogs do not seem to have met tvith success (16) . Our own study of 
the subject began in an attempt to determine whether the gastric 
acidity of rats w’as increased by diets low in protein, as had been foimd 
to be the case in man (3). The methods used to determine gastric 
acidity in man could not well be applied to rats, but it seemed possible 
that the degree of erosion of suitable pieces of metal, introduced into 
the stomach of rats, might serve as an index of gastric acidity. Such 
a method was already used by Spallanzani when he gave calcareous 
materials (pieces of coral and shells) to animals to determine the pres- 
ence of acid in the stomach (4). Obviously, the degree of erosion of 
metal could be used as an index of gastric acidity only provided that 
the length of stay of the metal in the stomach remained fairly uniform. 
ObsciA’ations made during an earb’er study (5) suggested that varia- 
tions in the length of stay of metal in the stomach might be indicated 
by changes in the rate of passage through the entire digestive tract. 
Hence, it was decided to give rats pieces of iron, steel or aluminum, 
note the degree of erosion or the percentage of weight lost by the 
metal and also note its rate of passage through the digestive tract. 
It soon beoime c\'ident that, in most instances, a striking increase in 
erosion occurred when diets low in protein were fed, but it was usually 
found that the passage of metal through the digestive tract was then 
also prolonged. Fluoroscopic obscivations (checked later by direct 

597 



608 


PYLOROSPASM AND GASTRIC RETENTION 


and, excepting for a general hypertrophy, a digestive tract in better condition was 
not found in an}'’ of the other rats in our colony. Of course, an adequate diet was 
always supplied and the amount of metal given, although large, was never beyond 
the animal’s capacity to pass it. 

That the human stomach, under some circumstances, can bear an 
almost unbehevable amount of mechanical insult seems indicated by a 
case cited by Ewald (12), in which a sailor swallowed 35 pocket knives 
in the course of 10 years. At death (due to perforation of the colon by 
2 blades) some 30 pieces of blades together with handles were found in 
the stomach, but no signs of recent or earlier ulcers! Nevertheless, 
the theory that mechanical irritation is an important factor in the 
etiology of gastritis and ulceration continues to be upheld in some 
quarters. In support of this view, Konjetzny and Puhl, for instance, 
referred to the frequent occurrence of gastric and duodenal ulceration 
among permaturely weaned calves (13). However, such calves are 
primarily undernourished because they cannot very well utilize the 
coarse food upon which they are forced to subsist and this undernutri- 
tion, as the results of our studies indicate, evidently renders the 
digestive tract susceptible to ulceration. That mechanical irritation 
may then assist in producing lesions is supported by some evidence 
also obtained in our own studies but the bulk of evidence indicates 
that it is a negligible factor, in the genesis of peptic ulcer, in the 
absence of acid gastric juice. In this connection, it is of interest that 
Puhl, whose work in the past largely helped to bolster the theories 
fostered b}'’ Konjetzny (14), more recently reported the consistent 
production of lesions in dogs (15) by the sham-feeding (appetite 
gastric secretion) tedmique introduced by Silbemiann (16). 

The data obtained in this study did not serve to show whether a 
diange in gastric acidity, sufficient to account for the development of 
pylorospasm and gastric retention, ever occurred. We believe never- 
theless that irritation of the p3’'loric region by acid gastric contents was 
a factor but, at the same time, we feel that an increased susceptibility 
of the pjdoric region to irritation was a more important factor. The 
gastric retention which often immediately followed the use of alcohol, 
for instance, was very likeh' due to the power of alcohol to precipitate 
the protective mucin in the stomach. Thus, the pyloric region was 
evidently more directly exposed to irritation by the gastric contents. 



PREDERICK HOELZEL AKD ESTHER DA COSTA 


599 


-wire about 4 mm. long. 100 pieces, weighing about 1.8 gm., were used in 3 da}' 
tests. (8) Pieces of No. 16 aluminum wire about 2 mm. long. 108 pieces, 
weighing about 1.2 gm., were given during 3 day periods. Occasionally, 2 day 
tests were made with correspondingly less materiaL Single-day tests were also 
sometimes made, especially shortly before the animals were sacrificed. In such 
tests, 100 steel balls were generally given in 3 or 4 injections made within about 20 
minutes. (9) In addition to the foregoing test materials, shanks of 2-56 (No. 2 — 
56 threads to the inch) iron machine screvrs (about 2 mm. in diameter), 4 to 6 mm. 
long, were used for a single experiment involving a somewhat different method. 

The chief observations were made on 10 adult rats — 6 males and 4 females. 
One male and 1 female were pied (black and white) rats; the rest were albinos, 
hletal was given to the 10 rats dail^^ for periods of from 47 to 249 da^’s. The test 
material was injected into the esophagus by means of a brass tube fitted with a 
plunger, as described elsewhere (5). The animals were kept in individual cages 
with screen bottoms. The diets were changed from time to time, particularly in 
respect to their protein content. Concentrated food (without added roughage) 
was fed and this was given dry, excepting in tests where solutions of alcohol were 
added. Fluoroscopic observations were made only when the site of stasis of metal 
was in question. A more systematic fluoroscopic study was not made, among 
other reasons, because of the possibility that pylorospasm might be relieved by 
the irradiation (6). Three of the rats died; the rest were killed with ether. Au- 
topsy was performed immediately after death was noted. The digestive tract 
was di\dded into two parts by severing the duodenum. The contents of the two 
segments were then removed by flushing with water and, when easily possible, 
without slitting the parts. The segments were next fixed by filling them with, 
and placing them in, formalin-Zenkcr solution. After being fixed, the segments 
were slit throughout and examined. 


RESULTS 

In the first place, various tests showed that nearly all of the erosion 
undergone by pieces of iron, steel or aluminum, in passing through the 
digestive tract of rats, occurred in the stomach and was e\idently due 
to the HCl. Some erosion occurred in all of the rats used, but only 
delay's in passage invoKring a gastric retention of metal were accom- 
panied by a marked degree of erosion. This was strikingly illustrated 
in Uic case of Rat 916 (Tc.vt-fig. 1) in which a cecal stasis of test ma- 
terial involved an average of only about 0.3 per cent erosion while a 
subsequent gastric retention led to 52 times as much erosion — an 
a\ crage of 15.6 per cent among 100 pieces of aluminum; and some of 
tlic^c pieces w'cre eroded about 90 per cent "within 6 davs. 

\Micn diets low or inadequate in protein were fed, 7 out of the 10 
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effect of a vegetable diet (presumably grains and milk) does not apply 
directly to our use of diets lower in protein. Undoubtedly further 
study is here needed. 

Diametrically opposed to the view that a deficiency of bile might 
account for an increase in the sensibility of the pyloric region and thus 
lead to pylorospasm and gastric retention is the theory propounded 
by Spira; namely, that bile is the cause of pylorospasm, as well as of 
gastric and duodenal ulceration (22). According to Spira, fat in the 
diet, by giving rise to biliary regurgitation, is mainly responsible for 
ulceration. Experiments are said to be under way to prove this 
theory but positive results are not likely to be secured if the observa- 
tions made in our studies have significance. We fed rats various diets 
containing large proportions of fat (23). We could agree vdth Spira 
that fat, and particularly oil, may have no protective value against 
ulceration when the protein content of the diet is inadequate. But 
with diets adequate in protein, our results showed that fat in the diet 
tended to help heal, rather than produce, ulcers. Possibly Spirals 
therapeutic claims for diets low in fat can be explained by the protein- 
sparing effect of such diets. 

The results of our studies appear to justify the procedure followed 
at Bier’s clinic, where a preparation consisting mainly of bile acids 
is used in gastritis and ulcer therapy (24). Nevertheless, the possi- 
bility remains that bile may be highly toxic to the gastric and duo- 
denal mucosa under some conditions, although protective under other 
conditions. Perhaps further work like that referred to above (17) and 
that of Draper and Touraine (who find constitutional peculiarities in 
ulcer patients) (25), McClure and Huntsinger (who found hepatic 
dysfunction associated with duodenal ulcer) (26) and Tashiro and 
his assistants (who regard bile salt retention in the blood as responsible 
for ulcer) (27) will eventually settle this question. 

Independent of the precise role of bile, however, it seems of interest 
that, although carbohydrates tend to leave the stomach rapidly and 
protein more slowly in brief tests (28), the reverse proved to be the 
case in our more prolonged experiments. Also, diets high in fat and 
low in protein, which ordinarily remain longer in the stomacli than 
diets high in carbohydrate, did not lead to gastric retention quite as 
readily as the latter. Furthermore, although coarse particles often 
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crater in the antrum. The lack of more ulceration in the stomach of this rat is, in 
part, consistent with the fact that gastric retention never became verj’' great in this 
case without a ^‘spontaneous remission.” Excepting for a little fluid (probably 
w’ater) , the stomach was entirely empt}’' at the time this animal was sacrificed. That 
more severe ulceration did not develop in this rat, which was given the largest 
amount of the roughest pieces of metal for tlie longest time in this stud}*^, again dem- 
onstrates that mechanical irritation is not an important factor in ulcer production 
in rats. Rat 916 (Text-fig. 1 and Fig. 4) had a marked epithelial overgrowth in the 
prostomach and a number of small bleeding ulcers or craters in the antrum. The 
bleeding prepyloric lesions in this rat, after a prolonged low protein diet poor in fat, 
contrast with the relatively inactive prep 5 doric craters in Rats 797 and 912 above. 
Rat 916 (Fig. 4, N) and two other rats in this studj' also had one or more nodules 
apparent on the outer or inner surface of the prostomacb. Such nodules were 
previously foimd to be consequences of ulceration in the prostomach of rats (10). 

In earlier studies in which rats were not given pieces of metal but 
were fed inadequate diets such as were used in this study, gastric 
ulceration, epithelial overgrowth and nodule formation also occurred 
(8, 10, 23) . In fact, more marked lesions than any seen in the present 
study were not uncommon. This further indicates that the lesions 
found in this study were mainly consequences of nutritional disturb- 
ances and not of irritation by the test material employed. 

To what extent the findings on rats are transferable to man has 
become something of a question in view of our observation that 
differences already exist between rats and mice. However, both rats 
and mice are omnivores like man; both species develop lesions with 
inadequate diets and it is our belief that further studies on these and 
other omnivores would best serve to bring to light those factors in the 
development of peptic ulcer that apply alike to the lower animals and 
to man. 


SUMMARY 

1. A method was found whereby the development of gastric reten- 
tion could be studied in intact animals without the necessity of recourse 
to the use of x-rays. 

2. Gastric retention was found to develop as a result of protein 
restriction in 7 out of 10 rats studied. Such retention could again be 
cleared up with protein realimentation or by allowing the animals 
free choice of protein, fat and carbohydrate. 

3. A diet high in protein following periods of undemutrition or 
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EXPLANATION OF PLATES 
Plate 40 

Fig. 1. Photograph and roentgenogram of test material. Groups A and B 
used in intestinal rate stud}’'; Group A used on rats; Group B, on larger animals 
(5). Groups C and D used for mechanical irritation of digestive tract. Part of 
Groups A, C and D used in the present study. Group A (from left to right) — 
glass beads, glass balls, gold balls, silver balls and 1/16 inch steel balls (used in 
this study). Group B — knots made of colored cotton thread, glass beads, glass 
balls, steel ball (above) and gold ball (below), marked gold discs and marked silver 
discs. Group C — steel, iron, aluminum, silver and gold vdre; at left, round wire; 
at right, square wire. Of this group, used in present study, No. 15 soft iron wire 
(fourth from left); No, 18 aluminum wire (fifth from left), and No. 16 aluminum 
wire (sixth from left). Group D — gold, silver, aluminum and iron test material; 
at left, corrugated; at right, threaded material. Used in this study, shanks of 
2-56 iron machine screws (fifth row from right). Scale in centimeters and inches. 

Fig. 2. A, roentgenogram of Rat 15, during period when it was given 300 pieces 
of metal daily, showing 182 pieces of threaded and corrugated silver wire in diges- 
tive tract. S, about 125 pieces of metal in stomach (ISO pieces were given earlier 
in day); Cc, mass in cecum; Co, large pellet vdth metal in colon; scattered single 
pieces are in small intestine. B, photograph, and C, roentgenogram of 24 hour 
collection of fecal pellets from Rat 15 during same period, showing distribution of 
metal (305 pieces) in pellets. 
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presence of more or less pylorospasm during all periods of gastric 
retention in this study was nevertheless inferred from the findings at 
autopsy. In the first place, althougli the stomach was usually large, 
there was nothing to indicate that an atonic condition, such as might 
account for the retention, ever existed. In the second place, the 
pylorus of rats with gastric retention generally appeared to be mark- 
edly constricted (Fig. 4), and finally, when the digestive tract of such 
rats was filled with fixing fluid, shortly after death, the pylorus acted 
as if it were spastic. In our various gastrointestinal studies, we have 
filled the intact stomach of a large munber of rats with formalin- 
Zenker solution, by injecting it either through the esophagus or 
through the duodenum. In rats that had been kept on diets that 
tended to produce gastric retention, the passage of the fixing fluid was 
often obstructed entirely at the pylorus, while in rats that had not 
been kept on such diets, the fluid usually passed the pylorus easily. 
A pyloric hj’pertrophy, such as sometimes occurs in human infants, 
was, however, never seen; nor did we ever note anjd:hing suggesting 
cardiospasm in a rat. 

Granting then that pylorospasm was the cause of the gastric reten- 
tion of metal, it remains to explain the onset of pylorospasm. Simple 
mechanical irritation of the pyloric region by the test material can 
hardly be responsible, since, in spite of continuing to give the same 
amounts and kinds of test material daily, it repeatedly proved possible 
to clear up gastric retentions entirely by making simple changes in the 
diets. The difficulty of producing gastrointestinal lesions b}' mechani- 
cal irritation has already been referred to in a prcwus report (5), but 
this might be emphasized by citing the following case from a further 
study. 


Rat 15 (Fig. 2) was given over 50,000 pieces of gold and silver— a total of over 
10 times the animal’s average weight — during a period of 557 days. Beginning at 
the age of 21 d.iys, the amount of metal given daily was increased from time to 
lime until 500 pieces of silver were given daily during the bst 15 days, .-tbout 90 
per cent of the mef.al given to this rat consisted of round and square* wire and over 
half of this was citlicr threaded or corrugated (Figs. 1 and 2). In spite of this 
Rat 1 5 grew to be the largest female among a colony of about 1 500 rats— weighing 
4.52 gm. net (minus metad in tract) at U;c time it was sacrificed. Althou'’h''l-e*->t 
separated from males part of the time, it also lad 5 litters and rafied mo^t of* the 
young, while receiving metal daily. Gastric retention apparently never developed 
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with the result that pylorospasm promptly developed. Likewise, the 
gastric retention produced by protein restriction and the transient 
retention following periods of rmdemutrition may have been due to a 
decrease in the secretion of mucin, but we are more inclined to believe 
that a change in the character and/or quantity of bile secreted was 
the most important factor involved here. 

The importance of biliary or hepatic factors in the development of 
duodenal and gastric lesions has been emphasized by the work of 
Kapsinow and others (17). These investigators showed that duodenal 
ulcers develop in dogs when the biliary secretion is diverted so as not 
to reach this region. In contrast to this, rats apparently furnish an 
illustration of a species in which duodenal ulceration is largely pre- 
vented by a more or less continuous flow of bile into the duodenum. 
In our studies on about 1500 rats, we neither found nor were able to 
produce duodenal ulceration in a single case, although severe erosion 
sometimes occurred. (Bullock and Rohdenburg published gross 
illustrations (but not sections) of “spontaneous” duodenal ulcers in 
two rats (18) but we never sav/ anjThing like this.) On the other 
hand, in the course of a preliminarj’’ investigation on mice, we found 
or produced duodenal lesions in at least 5 out of 60 animals. iMice 
differ from rats in ha\nng a gall bladder, while rats, without a gall 
bladder, apparently have a more continuous flow of bile into the duo- 
denum (19). If, then, ^^^lipple’s conclusion concerning the relation 
of protein metabolism to bile secretion (20) is applicable to rats and 
mice, protein restriction might be e.\pected to have reduced the bile 
flow in rats only enough to permit an irritable pjdoric condition and 
prepyloric lesions to develop but not duodenal ulcers, while inade- 
quate diets and undemutrition in some mice permitted the develop- 
ment of duodenal lesions also. /Xgain, apphnng \^Tiipple’s conclu- 
sions, the transient gastric retention that generally developed in rats 
when a diet high in protein was used after a period of undemutrition 
would be due to the lag in the increase of bile flow that occurs with 
protein rcalimentation. In apparent conflict with this c.vplanation is 
McMaster’s failure to obseiwe any diflcrcnce between the cflect of a 
vegetable diet and a meat diet on the secretion of bile in rats (21). 
However, assuming that no error was introduced bv the special tech- 
nique used by McMasler in collecting bile, his obseiwation on the 
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remain in the stomach longer than finely divided material, it has long 
been known that coarse (Graham) bread leaves the stomach faster than 
white bread (29). Our work confirmed this by showing no definite 
gastric retention when diets consisting mainly of bran or other 
roughage were used while diets of white bread led to the most acute 
retention. Taken together, these results make it obvious that some 
factors of importance in p 3 ^ 1 oric function and gastric evacuation have 
not been taken into consideration in earlier studies. 

As pylorospasm and gastric retention have been regarded as impor- 
tant factors in the genesis of peptic ulcers in man, it seemed of interest 
to note whether such a relationship also existed in the rats. The 
appearance of the normal stomach of the rat is indicated in Fig, 3 and 
the gastric conditions and types of lesions found in the present study 
are illustrated in Fig. 4. All rats, including those that never developed 
a gastric retention in this study, showed evidence that more or less 
ulceration occurred in the prostomach at some time. This and 
earlier observations indicate that, although gastric retention may 
intensify ulceration in the prostomach, ulceration in this region can 
occur independently of retention. Seven of the 10 rats showed some 
crater or ulcer formation in the prepyloric region. The exceptions 
were the onl}’ 2 rats that never developed gastric retention in this 
study and 1 rat (Rat 911) that developed retention while fed a diet 
of white bread and was then relieved of the retention with an adequate 
diet (which might also have led to the healing of prepyloric lesions) 
and finallj" died while fed onl>' small amounts of food, without reten- 
tion. Tliese results suggest that a definite relation existed between 
the occurrence of gastric retention and the presence or production of 
prepyloric lesions but the precise relation can only be determined by 
further stud}’. 

Rat 797 (Tcxl-fig. 2 and Fig. 4), which was the only rat in this group that died 
with a marked retention of fluid in the stomach, developed the most severe ulcera- 
tion in the proslomach. A number of small shallow craters or beginning ulcers 
appeared in the antrum. Craters or ulcers usually develop much more slow'lv in 
the antrum than in the proslomach of rats; and a high fat. low protein diet such 
as was used to initiate gastric retention in this rat. generally did not give rise to 
as m.arkcd crater formation or ulceration in the prepyloric region as low protein 
diets with a high carbohydrate (starch) content. Rat 912 (Tcxt-figs. 3 ar:d 4 and 
Fig. 4) had only one small ulcer in its prostomadi and only one small (non-bleeding) 
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of the results of skin tests with Type I S.S.S. obtained in a series of 
53 cases of Type I pneumococcus pneumonia, 48 of which were treated 
with antipneumococcus Type I serum. 

Materials and Methods 

The patients were among those admitted to the wards of the Hospital of The 
Rockefeller Institute with a diagnosis of lobar pneumonia. Their ages ranged 
from 6 3 ''ears to 70 years. The pneiunococcus typings were done by use of the 
Avery tube, as well as by the usual method of inoculating the sputum of the patient 
into the peritoneal cavity of a mouse, and tlie subsequent macroscopic agglutina- 
tion and precipitation reactions vdth peritoneal washings of the mouse. Blood 
cultures were made on admission and at varying intervals thereafter. Except in 
the 5 instances noted, all patients were treated with xmconcentrated Type I anti- 
pneumococcus horse serum obtained from die New York State Board of Health; 
Specific treatments consisted in the intravenous administration every 6 to 8 hours 
of 100 cc. of serum diluted with an equal volume of physiological saline. 

Skin Test, — Protein-free type-specific capsular polysaccharides were prepared by 
the methods employed in this laboratory (4) and were of the highest degree of 
purity obtainable. The polysaccharides were dissolved in physiological salt 
solution, and 0.1 cc. of solution containing 0.01 mg. of the S. S. S. was injected 
intradermall 3 \ In the earlier tests, S. S. S. of Types I, II, and III were separatel3^ 
injected into the skin of the forearm together with a saline control. In the present 
study of reactions in patients with Typt I pneumonia, only the T 3 ^pe I S. S. S. and 
a saline control have been used. 

The skin tests, during the course of treatment, were done 6 to 8 hours following 
each administration of serum, since it is known that after this interval the passively 
introduced antibodies may have been removed from the blood (S). Following each 
intradermal test, the inoculated sites were observed carefulb’’ for 20 to 30 minutes. 
A positive reaction was recorded in the presence of erythema, edema, wheal, and 
pseudopodia. Frequentl 3 ’’, itching of the skin at the site of reaction was noted by 
the patient. Concomitantb^ the elevation of the skin at the point of the control 
saline injection tends to disappear. 

Circulating Antibodies , — ^The presence of t 3 Tpe-specific agglutinins for T 3 i)e I 
Pneumococcus was demonstrated in the patient’s serum by the method previously 
described (2). 

The data included in this report comprise the results obtained by 
repeatedly testing the skin reaction to Type I S.S.S. in 53 patients 
during the course of lobar pneumonia associated with Type I Pneu- 
mococcus. In 48 of the cases specific serum therapy was employed. 
In the series are included 7 fatal cases, 5 cases with empyema, and 
others with furuncles, sterile pleural effusions, and delayed resolution. 
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prolonged protein restriction usually gave rise to a transient gastric 
retention. 

4. Diets witli a solution of 25 per cent or more of alcohol added 
promptly gave rise to gastric retention in rats even vrhen the protein 
content of the diet was adequate. 

5. Evidence is given indicating that the gastric retention which 
occurred in this study involved more or less pylorospasm and the 
possible influence of mechanical and chemical irritation and of changes 
in gastric mucin and bile flow upon the development of pylorospasm 
are discussed. 

6. Spira’s theory that fat in the diet gives rise to pylorospasm and 
ulceration is not supported by the results of our experiments. 
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zation of the blood, the presence of circulating antibodies, and sympto- 
matic improvement, the skin reaction remained negative. The fact 
that the skin test, under these conditions, is negative, clearly shows 

Key to Charts 1 to 6 

Skin Tests . — ^Broken line = negative reaction. Wavy line = doubtful reaction. 
Cross-hatched bar = positive reaction. 

Agglutinins . — ^Dash = no demonstrable agglutinins. Black bar = highest 
positive dilution. 

t Indicates fatal termination. 


Day of disease 3 4 5 6 


Serum therapy 






Temp. 

106’ 

105' 

M 

103* 

1Q2* 

lOT 

100* 

99' 










«■ 



msi 

T 





1 











\ 





A 






.A 

wsmsi 




nmn 

Skin testvith 
Type I 

polysaccharide 

m 

1 

1 



Type I 1-10 
agdutinins ! 

1- 2 

















Blood 

culture 

Broth 

- 




1 cc. plate 

- 




Z cc. plate 

- 





Chart 1. Patient S (Hospital No. 7152). Type I pneumococcus pneumonia 
without septicemia. 

that positive reactions are not simply dependent upon the humoral 
tj-pe-specific antibodies, and that cutaneous reactivity is not solely 
referable to the passive immunity conferred by the administration of 
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Plate 41 

Fig. 3 . Appearance of normal stomach of rat At left, ventral or anterior half 
of an empty stomach (Rat 700) ; at right, dorsal or posterior half of a full stomach 
(Rat X-228). Es, esophagus; PS, prostomach — Alined vrith squamous epithelium 
like esophagus; R, ridge or fold between prostomach and main stomach; MS, 
fnain stomach or ventriculus — acid-secreting part of stomach; A71, antrum or 
prepyloric region, and Py, Pylorus. Rat 700 weighed 200 gm. when sacrificed and 
had been kept on a high fat (30 to 45 per cent) diet, with cut up dog hair included, 
during the preceding 4 months. Rat X-228 weighed 195 gm. when sacrificed and 
had previously been on a stock diet of meat, milk, bread, cracked com and greens. 

Fig. 4. Gastric conditions and types of lesions found in present study; Rat 797 
(above). Rat 912 (middle), and Rat 916 (below). Pylorus constricted and stomach 
enlarged in each case, C, sites of small craters or ulcers in prepyloric regions (both 
halves of stomach of Rat 916 with prepyloric lesions). U (Rat 912), ulcer in pro- 
stomach at ridge. N (Rat 916), nodule or small tumor-like prominence evident 
on outer surface of prostomach. 
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Chart 2. Patient P. (Hospital No. 7263). Type I pneumococcus pneumonia 
and septicemia. 


Patient J, Chart J, Case 7165 

The patient, a housewife of 30 years, was admitted to the hospital on the 2nd 
day of illness, suffering from lobar pneiimonia of the left lower lobe. At the time 
of admission, the blood culture w^as positive for T 3 ^e I Pneumococcus. The 
patient's serum contained no demonstrable t 3 "pe-specific antibodies, and the Type 
I skin test w’as negative. After tw^o doses of serum, the blood became sterile, 
t}pe-specific antibodies w’ere present in the blood, but the skin test remained 
negative. The pneumonic process spread to involve the left upper lobe. Serum 
w’as repeatedly administered, agglutinins persisted in the blood, but repeated 
skin tests wxre consistently negative. On the 6th day, after nine doses of serum, 
although no change in the patient’s general condition w'as noted, a positive skm 
reaction w*as elicited. This w*as construed as indicative of recovery. The titre 
of circulating antibodies had not increased above that found on the 3rd and 4tb 
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simply to the presence of circulating antibodies, but is associated 
definitely with the complicated process of recovery. 

Patient 4^ Chart 4y Case 7219 

The patient, an advertising man of 52 years, was admitted to the hospital on the 
6th day of disease, suffering from lobar pneumonia of tlie left lower lobe, left upper 
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Chart 4. Patient Sc. (Hospital No. 7219), Type I pneumococcus pneumonia 
and septicemia. 

lobe, and right lower lobe. He was extremely sick. The blood culture on admis- 
sion yielded Type I Pneumococcus. There were no tjpe-specific antibodies in the 
blood. The skin reaction was negative. Serum therapy was inaugurated 2 hours 
after admission, and continued at 6 hour intervals for five doses. After the second 
dose, agglutinins were demonstrated in the blood, and these increased progres- 
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Charts. Patient Mo. (Hospital No. 7162). Type I pneumococcus pneumonia 
and septicemia. 


Patient 6y Chart 6y Case 7580 

The patient, a negro of 35, was admitted to the hospital on the 6tli day of dis- 
ease, vdth lobar pneiunonia of the right lower lobe, and left lower and upper lobes. 
He w^as extremely sick. The blood culture was positive, no circulating T}^^ I 
agglutinins were detectable, the skin test was negative. Serum therapy was insti- 
tuted 8 hours after admission. After the second treatment, the temperature was 
low’cr, the blood culture in broth was sterile, no circulating agglutinins were demon- 
strable, and the skin test remained negative. On the 8th day, after the fifth and 
sixtli treatments, skin tests were still negative, but a high titre of agglutinins vras 
present, and although the temperature W’as normal, the patient remained danger- 
ously ill, in delirium, and the septicemia had increased in degree. Although it was 
not knowTi until later that the septicemia had increased, serum therapy'' w’as con- 
tinued because of the negative skin test. On the 9th day tlie temperature re- 




THE VALUE OF THE SKIN TEST VHTH TYPE-SPECIFIC 
CAPSULAR POLYSACCHARIDE IN THE SERUIM TREAT- 
MENT OF TYPE I PNEUMOCOCCUS PNEUMONIA^ 

By THOMAS FRANCIS, Jr,, 

{Fravi ihc Hospital of TJic RocJseJeller Institute for Medical Research) 
(Received for publication, November 23, 1932) 

It has previously been shovm that in patients convalescent from 
pneumococcus lobar pneumonia the intradermal injection of tj^De- 
specific capsular polysaccharide (S-S.S-) elicits a typical cutaneous 
reaction (1, 2). The reaction takes the form of an immediate wheal 
and erythema which reaches its height within 15 to 30 minutes. It 
can first be elicited at or about the time of recovery. The reaction is 
type-specific in that it is produced only by the polysaccharide homolo- 
gous in t>T>e to that of the infecting organism. Furthermore, in the 
small series previously reported, it was noted that recovery from 
Type I pneumonia in serum-treated cases was invariably associated 
with the development of a positive skin reactmty to the Tj’pe I S.S.S,, 
whereas appro.rimately only 50 per cent of the non-serum-trcated 
T>t)c II and T>"pe IH cases which recovered gave a specific response 
to tlic homologous S.S.S. (2). The occurrence of the reaction was 
found to be intimately associated \vnth the presence of tj^pc-specific 
antibodies in the patient’s serum. In cases treated with Tj-pc I 
antipneumococcus scrum, it was observ'cd that although tj^pc-spedfic 
antibodies might be present in the blood of the patients, the skin test 
remained negative. VTien, however, the skin test became positive, 
recover}' invariably ensued. 

These obscr\'ations suggested that in patients suficring from Tj'pe 
I pneumococcus pneumonia the skin test with T}7>cl S.S.S. might be 
a valuable guide in determining when scrum therapy could be safclv 
discontinued. The present report, therefore, comprises an analysis 

• Prcscnlcd, in part, before tijc American Society for Clinical Investigation at 
a meeting held in .\thntic City, May 4, 1931, 
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is possible that in the skin of a negro the milder forms of reaction are 
more difficult to detect. At any rate, on the 8th day, 18 hours before 
it was known that septicemia had increased, with the temperature 
normal and type-specific agglutinins present in tlie blood, the value of 
the negative skin test in indicating further treatment must be stressed. 
This case is also exceptional in that it remains tlie only 1 of the 5 cases 
of empyema, all of which recovered, that failed to give a positive 
reaction at the termination of the phase of acute pneumonia. 

DISCUSSION 

The results of the skin tests "with T 3 ^e I S.S.S. in 53 cases of TjT)e 

I pneumococcus pneumonia are strikingly uniform for a biological test. 
In the series there were 7 deaths, in all of which repeated skin tests were 
negative. On the other hand, in 46 recovered cases, including 5 cases 
of empyema, all but 1 gave a positive reaction at about the time of 
recovery from the acute pulmonary process. In the one exception, a 
negro with subsequent empyema, only a doubtful reaction was ob- 
tained although the patient recovered (Patient 6, Chart 6). Exem- 
plary individual cases have been cited to show the relation of positive 
reactions to recovery and to tire presence of antibodies in the circulat- 
ing blood. Furtliermore, they emphasize the fact tliat the mere pres- 
ence of circulating antibodies, in cases before recovery or in cases 
terminating fatally, is not sufficient to bring about a positive skm 
reaction. 

Finland and Sutliff, in similar studies, reported only 7 positive tests 
to the Type I S.S.S. in a series of 15 non-serum-treated patients who 
recovered from Type I pneumonia (3). Of 17 T 3 q)e I and Type II 
cases tested before the time of crisis, 3 gave positive tests to the 
homologous polysaccliaride. Moreover, the relation of positive skin 
tests to recovery and to tlie presence of type-specific antibodies in the 
blood was corroborated. Of the fatal cases in their untreated series, 
only 1 of 11 cases of all three types gave a positive reaction. The 
details of this case are not recorded. 

In their cases which were treated with serum (6), two distinct differ- 
ences from the procedures emplo 3 ’’ed by us must be noted. In tlie 
first place, Felton’s concentrated serum containing T)q)e I and Type 

II antibodies was used. Secondlj’, the skin tests ivere frequently 
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The 5 untreated patients were comparatively mild cases which re- 
covered spontaneously. A summary of the cutaneous reactions of 
Type I S.S.S. in these 53 patients is presented in Table I. 

The uniformity of results is surprisingly sharp for a biological test. 
From Table I it is readily seen that of the 45 cases in which a positive 
f;kMTi reaction was obtained, all recovered. Of the 8 patients with 
negative reactions, only 1 survived. This exception, the failure of a 
recovered patient to react, occurred in a negro with empyema, in 
whom only a doubtful reaction was seen. Further, of the other 4 cases 
of empyema tested after the acute stage of the pneumonia had passed, 
all gave typical positive reactions, and all recovered. 


TABLE I 

The Results of Skin Tests ivith Type I Polysaccharide in Type I Pncumococci^s 

Pneumonia 


Patients 

1 No. of 
cases 

Positi'V'e reactions 

N«^tive reactions 

Rcco\*ered 

Died 

Rcco\'crcd 

Died 

Scrum-treated 

4S 

40 

0 

■1 

7 

Untreated 

5 

5 

0 

■■ 

— 

Total i 

53 

45 

0 

1 

7 

Empyeraat 

5 

4 

— 


— 


* Empyema 'cvith doubtful reaction, 
t Included also under serum-treated cases. 


Included amongst the 7 fatal cases is 1 case which had a Type I 
pneumonia with septicemia, from w'hich recoverj' apparently ensued 
with normal temperature, sterile blood, and definite and nearly com- 
plete resolution. The skin test remained negative, and the patient 
suddenly had a recurrence of pneumonia and septicemia, this time a 
T\pe III pneumococcus infection, w^hich proved fatal. 

A brief summary and graphic representation of illustrative cases 
scn'c to emphasize the time relationships between the onset of re- 
covery- and tlie occurrence of the skin reactions, with reference to the 
presence of circulating antibodies in the blood of convalescent cases. 
Furthermore, in the fatal cases, it will be seen that in spite of stcrili- 
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The value of the skin test as employed in the present group of cases 
appears to be definitely established both as a guide to serum therapy 
and as a prognostic aid. In certain instances, by the time a typing of 
the invading organism is obtained, the patient appears improved and 
the temperature may have approached a normal level. There may be 
some doubt as to whether treatment with serum is required. A skin 
test with the S.S.S. may be done, and the result read in 15 to 30 minutes; 
a negative test indicates serum therapy. In all cases of this sort, the 
conclusions reached as a result of the skin test have been validated by 
subsequent findings and the course of disease. Similarly, in cases with 
intermittent fever, or in which a drop of temperature follows serum 
therapy, the skin test gives a distinct answer to the problem of w^hetlier 
recovery has begun or whether treatment should be continued (Charts 
1 to 3). A positive reaction is invariably, in our experience, a sign 
that recovery mil follow. F urthermore, although the patient may still 
appear quite sick with httle change from a previous period when the 
skin test was negative, the development of a positive cutaneous reac- 
tion indicates recovery and that further serum therapy is unnecessary 
(Chart 3). A persistently negative reaction, even in the presence of 
circulating antibodies, clinical improvement, and continued serum 
therapy, offers an unfavorable prognosis, and in all cases has been 
associated with a fatal termination (Charts 4 and 5). To repeat, a 
positive immediate wheal and erythema reaction to Type I S.S.S m 
cases of Type I pneumococcus pneumonia predicates recovery; a 
negative test calls for further serum therapy. 

It has been assumed that the chief function of antipneumococcus 
serum as a therapeutic agent is to furnish type-specific antibodies. 
Consequently, the presence or absence of type-specific agglutinins m 
the patient’s blood has been employed as a means of estimating when 
sufficient serum has been administered. The application of titration 
of circulating agglutinins in conjunction with the use of concentrated 
serum has been recently advanced by Sabin (7). From the point of 
view' of recovery, however, it furnishes an estimate of only the humoral 
aspect. In Patient 3, Chart 3, type-specific agglutinins w'ere demon- 
strable in the patient’s blood although the pneumonic lesion was 
spreading. Later wdien the skin test became positive, the agglutinins 
W’ere present in the same concentration. In Charts 4 and 5 are shown 
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Paiieni 1, Chari 1, Case 7152 

The patient, a house'nife of 32 years, 'was admitted to the hospital on the 3rd 
day of illness, with lobar pneumonia of the right middle lobe. On admission, the 
blood culture was negative, the blood contained no agglutinins for Type I Pneumo- 
coccus, and the skin test with T>T)e I S. S. S. was negative. Type I antipneumo- 
coccus serum was first administered 10 hours after a dmis sion. 8 hours later, 
T>T)e I S. S. S. elicited only a questionable skin reaction, since an er^^thema also 
occurred at the site of the control saline injection. Although the temperature had 
begun to faU, a second treatment was given, and a precipitate drop of temperature 
took place. A skin test done 8 hours after the last serum treatment was markedly 
positive, and the patient's serum at this time contained a comparatively high litre 
of type-specific antibodies. Convalescence was imeventfuL 

This case illustrates the ordinary rapid termination of the acute 
course of disease, and the development of cutaneous reactivity at the 
time of recovery. 


Paiieni 2, Chart 2, Case 7263 

The patient, a man, 34 years of age, was admitted to the hospital on the 3rd day 
of illness, with lobar pneumonia of the right lower lobe. On admission, a blood 
culture revealed T>'pe I Pneumococcus in the circulatingblood ; the patient’s serum 
contained no demonstrable t>'pe-specific antibodies; and the t>pc-specific skin 
test was negative. Scrum therapj'^ u*as begun 6 hours after admission. After 
the second treatment, a fall of temperature occurred. A skin test done at this 
time u*as negative. The temperature rose again Just before the fourth treatment. 
The skin test was negative, a blood culture was sterile, and t>’pe-specific aggluti- 
nins were not demonstrable in the patient's blood. A skin test before the sixth 
treatment was negative, but 6 hours later a definitely positive skin reaction was 
elicited with S. S. S. I, and circulating antibodies were present. Although the 
patient’s temperature was 102®, scrum therapy was discontinued. The following 
morning the temperature was normal, and an uninterrupted rccovcr>’ ensued. 

This case illustrates the value of the skin test in instances in which 
the temperature is swinging, and in w^hich it is important to know 
wdicther recover}^ has begun or whether the fall of temperature is 
only a remission. The negative skin test indicates furtlicr serum 
tlicrapy. Furthermore, when the positive reaction was obtained, in 
spile of the fact that fever was still present, it was shortly follow’ed by 
a normal temperature. This case also emphasizes the fact that the 
antibodies passively introduced through scrum treatment may not be 
detectable in tlic circulating blood 6 to S hours after the treatment, or 
even after several treatmenu^. 
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days, when the skin test was negative. Nevertheless, serum was discontinued, 
and 48 hours later, on the 8th day, the temperature dropped to normal Cornea- 
lescence was uneventful 

The significant points exemplified by this case are that although 
type-specific antibodies were present in the patient^s blood after two 
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CnAar 3. Patient H. (Hospital No. 7165). T^-pe I pneumococcus pneumonia 
and septicemia. 


scrum treatments, the pulmonary' lesion was spreading and the skin lest 
remained negative, WTicn the skin test became positive, no increase 
in antibody titre occurred, nor had any definite objective cliangc 
occurred in tlie patient’s condition. Experience suggested that re- 
covery' would follow' the positive reaction, and that was the ca.se. 
The occurrence of a positive test is ob\iously in tliis case not due 
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As the experiments show, of the animals sensitized wdth suberanilic 
acid azoprotein, three out of five injected with 0.33 mg. of the suber- 
anilic dye died in typical anaphylactic shock, one had slight symptoms 
and one was negative. Distinct anaphylactic symptoms were also 
observed in animals which received 0.16 and 0.08 mg. of the dye. 
Injections of 1.3 mg. produced severe sickness and drop in tempera- 

TABLE I 


Animals Tested by Intravenous Injection of Solutions of Resorcinoldisazo-p- 

Suberaiiilic Acid 


Animals sensitized with 
azoprotcin made from />-amino- 
suberanilic acid 

Animals sensitized with^ 
azoprotein made from ^-amino- 
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t Death of animal. 

Autopsies showed the characteristic features of anaph)dactic death (heart beat- 
ing, lungs distended). 


ture. These latter experiments have not been recorded in the table 
because the quantity used had toxic effects in some normal animals. 
The survival of animals injected with the largest dose (1.3 mg.) may 
be due to the zone phenomenon described by Edopstock and Selter(4), 
if not to an interference of the toxicity of the substance when admin- 
istered in this quantity. 

More uniform results were obtained by sensitization with the 
succinanilic acid azoprotein. In this series typical anaphylactic 
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sively to a high litre. The blood became sterile by the 7tli day, and remained 
sterile till death. The temperature dropped to normal on the 8th day, and signs 
of resolution were heard over the left lower lobe. But the t>T>e-specific skin test 
remained negative throughout. The patient alternated between delirium and 
stupor, and finally succumbed on the 10th day. At autopsy, massive pneumonic 
involvement of the left lung with beginning resolution, and consolidation of the 
right lower lobe, were found. Chronic nephritis, interstitial purulent hepatitis, 
and pancreatitis were also observed. 

In this instance, it is clearly seen that cutaneous reactivity may be 
the only indication that recovery is not occurring. Normal tempera- 
ture, pulse, and respirations, negative blood cultures, high titre of 
antibodies, and physical signs of resolution were present, but the 
additional factors which play a role in the production of a positive skin 
test were absent. \^Tiether additional serum therapy would have been 
of aid is problematical, but on the basis of present experience it would 
be considered advisable. 

Paiieni 5, Chari 5, Case 7162 

The patient, a man of 27, was admitted to the hospital on the 2nd day of illness, 
suffering from lobar pneumonia of the left lower lobe. On admission, blood cul- 
ture rielded a T>T>e I Pneumococcus; no t>'pe-specific agglutinins were present in 
the patient’s serum; the skin test vith T^pe I S.S.S. was negative. Serum 
treatment was begun 7 hours after admission, and continued at 6 to S hour intcr- 
\'als. After the second treatment, t>pe-spccific antibodies were present in the 
blood, increased in titre, and remained present throughout the illness. The blood 
culture became negative and remained so imtil the day of death, when it became 
positive again. The pneumonic process continued to spread in the face of circu- 
lating antibodies and sterile blood so that the entire left lung and the right lower 
and upper lobes became involved. C>‘anosis became extreme, although the pa- 
tient was in the ox>'gcn chamber. The skin tests were repeatedly and consistently 
negative. Eleven doses of scrum were given, but death intcn'cncd on the 6th day. 
Ko autopsy was permitted. 

Tliis case presents another instance in which the serological findings 
would be considered favorable. Although circulating antibodies were 
present in a good litre, the sb*n tests were all negative. The same 
lack of response has been consistently noted in the fatal cases of the 
series. 
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The difl&cultly reproducible results reported pre\aously with a dye 
made from /)-aminotartranilic acid (2, 3) are easily understood on 
account of tire weak precipitin reactions of tliis substance (1). In 
any case, these observations find confirmation in the present 
experiments. With regard to the somewhat irregular results obtained 
with the suberanilic dye, it may be pointed out that the optimum 
conditions for sensitization have not been studied s 3 ’^stematically. 

In the anaphylactic experiments the use of aged solutions of the dyes 
was suggested by the finding that such solutions are more readily 
precipitable (1) and in preliminary experiments with the succinanilic 
acid dye an increase in the shocking effect was noticeable upon aging. 

The fact that anaphylactic shock can be brought about with sub- 
stances other than proteins has been established by Tomcsik (6, 7), 
and Avery and Tillett (8) who succeeded in shocking sensitized animals 
by the injection of bacterial carbohydrates. The same conclusion is 
reached from the present experiments which demonstrate that anaphy- 
lactic shock can also be produced with synthetic substances of simple 
constitution. 


SUMMARY 

Experiments are described wliich show that anaph 3 dactic shock can 
be induced in animals sensitized with azoproteins by injecting them 
with azodyes containing the same azo components as the sensitizing 
antigen. 

The anaphylactic reactions are specific and occur with quantities of 
the d 3 ’^es as small as fractions of milligrams. 
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mained at about the normal level, the blood culture had become sterile, but the 
skin test elicited a response so faint that it could only be considered doubtful. 
The following day a similar result was obtained. After the 10th da^^ delirium 
ceased and the patient improved somewhat. Convalescence was delayed by the 
development of an encapsulated empyema, which was drained by operation on 
the 25th day. 
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Chart 6 . Patient Mu. (Hospital No. 75S0), T\pc I pneumococcus pneumonia 
with septicemia and empyema. 

This case is the one exception in the entire scries of 53 patients in 
that it is the only instance in Vi-hicli a patient, at or about the time of 
recover}’ from the acute phase of pneumonia, failed to give a distinctly 
jtositivc skin test. It is also the only case without a definitely positive 
reaction which did not have a fatal termination. On the OUi* and 10th 
days, reactions were observed wliicli v,'crc considered suggc.'tive. It 
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The use of human tissue is common practice at the present time 
whether for diagnosis or to establish a virus strain in animals — ^for 
example the use of the spinal cord from man to convey the infection 
of poliomyelitis to monkeys. Much information of great value to the 
student of disease has come from tliis type of biological study of human 
tissue whether obtained by operation or at autopsy. 

Method 

The care of animals and general technique employed in the anemia 
colony have been described in detail elsewhere (4, 5). A good deal of 
work has been reported (3, 7) dealing with liver fractions containing 
these potent factors which promote hemoglobin formation in anemia 
due to bleeding in dogs. Taking advantage of this experience we have 
prepared the human liver tissue in such fashion as to insure the presence 
of these same factors in the material as finally used in the 7-day test 
period. The material was preserved in cold storage until used, usually 
for a period of between 2 and 10 weeks. We have found by many 
observations that the material does not deteriorate under these con- 
ditions as regards potency for new hemoglobin production. The 
control animal material is treated in exactly similar fashion and thus 
gives an accurate base line of comparison. 

Iron analysis was done on samples taken from the laboratory speci- 
mens as described by Kennedy (1) and the figures expressed as milli- 
grams per cent of Fe appear in the tables. It is obvious that the 
figures do not represent accurately the amount of tissue iron as the 
amount of contained blood is a variable factor which we cannot control 
in this material. 


EXPERIMENTAL OBSERVATIONS 

The tables below give the values for hemoglobin production as 
modified by the potent factors present in any given human liver. The 
control test on the same dog is also given in the same line and the last 
column gives a percentage comparison of human and animal liver. 
In estimating this percentage the amount of material used in each 
instance is introduced into the computation — for example the control 
intake may be 300 gm. and the human material 150 gm. If the new 
formed hemoglobin is the same in each instance, the percentage ratio 
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made witiiii 1 to 2 hours after the administration of serum. Never- 
theless, 20 of 23 Type I and Type 11 serum-treated cases which re- 
covered gave positive skin reactions, while of 5 treated cases which 
terminated fatally, 1 gave a positive result. 

In the present series of cases treated with Type I serum, a positive 
skin test has always been indicative of recovery, and in only 1 instance 
did recovery occur in the absence of a positive skin reaction. In all 
these cases, circulating type-specific antibodies were demonstrable at 
the time a positive cutaneous test was first obtained. However, 
reference to charts of Patients 3, 4, and S, reveals that a positive test 
is not simply referable to a high concentration of circulating anti- 
bodies, since the titre of antibodies may be the same before recovery 
when the skin test is negative, as it is later when a positive test occurs. 
These charts also show that, in fatal cases, although antibodies may be 
present in the blood, a positive skin test is not obtained. Conse- 
quently, it appears that cutaneous reactivity to S.S.S. is not merely 
dependent upon the presence of circulating t>q)e-specific antibodies. 
On the other hand, its development is always associated with the 
presence of these antibodies in the blood. These observations indicate 
that for positive cutaneous reactivity there are required both active 
tissues and specific antibodies homologous in type to that of the S.S.S. 
injected, and that absence of either factor results in failure to react. 

Recovery from pneumonia is a complicated process in which cellular 
activities play an important role. This is strikingly demonstrated 
in the study of resolution of pneumonia. A positive skin test to S.S.S. 
is also invariably associated with recovery', and it is suggested that this 
reaction may bean indicator of a general reawakening of cellular activ- 
ity in the presence of type-specific antibodies. The failure to obtain 
a positive reaction in fatal cases, or in cases before recovery' begins, 
even when t\'pc-spccific antibodies are present, may be attributable to 
a depression of general cellular acti\'ity by Uic toxic factors of disease. 
Tins interpretation is supported by the obscr\'ation of Finland and 
Sullifi (6) that when a T\'pc I patient is treated with scrum containing 
both T^'pe I and T}'pc II antibodies, the skin test to T\p>e II S.S.S. 
docs not become positive before the T\pc I S.S.S. skin test, although 
T\'pc II antibodies have been present in relatively high litre through- 
out the course of therapy. 
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Liver — ^laboratory specimen 1380 gm. 

Histological specimen — ^liver lobules and cells are normal. Lipochrome pigment 
is abimdant. Fat droplets are visible within the liver cells. Kupffer cells normal. 


X-670. Normal male — cerebral trauma — skull fracture and hemorrhage — 45 yrs. 
Liver — ^laboratory specimen 1800 gm. 

Histological specimen — granular, frothy liver cells (glycogen). Slight lipochrome^ 
slight congestion, few mononuclears in portal tissue. Practically normal. 

TABLE 1 

Hemoglobin Production Factors in Normal Human Liver 


Sudden Death from External Trauma 


Number 

Cause of death 

Iron content 
human liver 

Liver intake per 
day 

Hemoglobin output 
per 7 days feeding 

fresh 

tissue 

daily 

intake 

Human 

Control 

from 

Human 

from 

Control 

ratio 

Human to 
Control 



mr, per cent 

fng. 

sm. 

sm. 

gm. 

gm. 

per cent 

X-3011 

Automobile 

12.8 

31 

240 

300 

57 

35 

204 

X-2410 

Automobile 

25.0 

43 

173 

300 

39 

44 

177 

X-2722 

Trauma 

14.1 

31 

210 

300 : 

54 

45 

169 

X-2724 

Automobile 

7.7 

16 

200 

300 I 

47 

54 

131 

X-2720 

Trauma 

8.2 

24 

290 

300 

41 

46 i 

91 

X-2579 

Automobile 

9.1 

30 i 

330 

200 

89 

62 

87 

X-2S80 

Trauma 

9.3 

18 

195 

300 

80 

52 

235 

X-670 

Trauma 

— 

— 

257 

300 

33 

26 

ISO 

X-357 

Trauma 

— 

— 1 

286 

300 

69 

34 

216 

Average 

12.3 

28 

242 




162 


X.-357. Large strong male — fracture of skull and hemorrhage (accident) — 50 yrs. 
Liver — laboratory specimen 2000 gm. 

Histological specimen — liver cells are large (glycogen) . No necrosis. Lipochrome 
abundant. Acute congestion. 

Table 1 shows the results of biological analysis of 9 normal cases, 
death supervening in a few hours after lethal external trauma. There 
is considerable individual variation in the content of these human 
livers but it is obvious that the concentration of the factors influencing 
hemoglobin regeneration is definitely greater in the human liver as 
compared with the animal control — 162 for the human and 100 for 
the control. This difference may be due to food factors. 

The iron content of fresh liver tissue is 12.3 mg. per cent and only 
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examples of the occurrence of agglutinins in cases terminating fatally 
and in which the skin test, by remaining consistently negative, prog- 
nosticated the fatal outcome. In Chart 6, a good titre of agglutinins 
was present although the septicemia was increasing. The skin test 
became only doubtfully positive at time of recovery, but this may have 
been due in part to the fact that the skin of the negro made the result 
more diflScult to read. When a positive cutaneous reaction has been 
obtained, however, recovery has always ensued. As additional advan- 
tages, the skin test has simplicity of technic, the results are easily 
read, it is rarely equivocal, the answer is obtained in 15 to 30 minutes, 
the results have been remarkably regular, and it apparently measures 
the resultant of antibody and tissue activity. The results of this 
study appear to establish the value of the skin test with Type I S.S.S. 
in the serum treatment of Type I pneumococcus pneumonia. 

STOIMARV AND CONCLUSIONS 

Skin tests w^ere made with Type I S.S.S. in 53 cases of Type I pneu- 
mococcus lobar pneumonia, 48 of which were treated with antipneumo- 
coccus Type I serum. In all but 1 of the 46 recovered cases a positive, 
immediate skin reaction w^as obtained at about the time of recovery. 
In 7 fatal cases reactions were consistently negative, even in the pres- 
ence of circulating t}"pe-specific antibodies. 

The skin test has proved to be an extremely valuable guide to serum 
therapy, and a definite prognostic aid. The test has distinct advan- 
tages over the agglutination reaction in that it is not merely an index of 
circulating antibodies, ^^^acn positive, it invariably denotes tliat 
rccovcr>' has begun; when negative, it indicates further serum therapy. 
The mcclianism of the positive skin test is closely related to that 
operative in rccovciy from pneumonia, and is apparently the resultant 
of antibody and tissue activity. 
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A-1466. Myasthenia gravis — ^normal liver — hemoglobin 100 per cent — 56 yrs. 
Liver — autopsy weight 1680 gm. — ^laboratory specimen 1330 gm. 

Histological specimen — Oliver cells are normal. Lipochrome pigment in moderate 
amount is present in some liver cells. Kupffer cells normal. 

A-390. Arteriosclerosis — senility — 88 j^rs. 

Liver — laborator>^ specimen 1360 gm. 

Histological specimen — Oliver cells show some atroph}’’, scattered fat droplets and 
moderate lipochrome in portal region. Slight congestion present. 

TABLE 2 


Hernoglobm Production Factors m Human Liver Tissue 
Viscera Normal? Arteriosclerosis^ Senility 


Number 

Cause of death 

Iron content 
human liver 

1 

Liver intake per 
day 

Hemoglobin output per 

7 days feeding 

fresh 

tissue 

daily 

intake 

Human 

Control 

from 

Human 

from 

Control 

ratio 

Human to 
Control 





wr. per 
cent 

fns. 

rw. 

gm. 

Stn. 

gm. 

per cent 

A-1096 

Aneurism 

10.5 

23 

220 

200 

53 

62 

78 

A-1257 

Cardiac 

7.3 

IS 

200 

300 

33 

53 

94 

X*.2642 

Brain hemorrhage 

7.3 

19 

260 

300 

36 

38 

109 

X-257S 

Cyanide 

13,9 

32 

230 

300 

71 

S3 

173 

X-2542 

Heat stroke 

— 

— 

380 

300 

71 

67 

84 

X-2506 

Trauma 

16.1 

22 

130 

300 

13 

30 

100 

A-1203 

Pneumothorax 

6,3 

12 

190 

300 

19 

30 

100 

A-1466 

Myasthenia 

20.2 

3S 

1S9 

300 

60 

67 

143 

A-390 

Senility 

— 

B 

194 

300 

35 

33 

167 

A-81 

Arteriosclerosis 


B 

224 

225 

31 

36 

86 

A41S5 

Arteriosclerosis 

— 

M 

185 

300 

36 

38 

157 

Avcrnce. 

11.7 

21 

218 
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A“81. Arteriosclerosis — encephalomalacia — terminal bronchopneumonia — 76 yrs. 
Liver — ^laborator>’ specimen 1570 gm. 

Histological specimen — atrophy of liver cells is conspicuous and a few fat droplets 
arc seen. Slight cell infiltration of portal tissue. Central liver cells very small 
Lipocliromc abundant. 

A-11S3. Arteriosclerosis — coronar}' occlusion — ^hemoglobin 80 per cent — 73 
Liver — laboratoiy specimen 1300 gm. 

Histological specimen — liver shows a senile type of atrophy watli increase of lipO' 
chrome pigment in the hepatic epithelium. A few* fat droplets are present in liv'cr 




















ANAPHYLACTIC SHOCK BY AZODYES 


Bv K. LAXDSTEINER, M.D., akd J. vak der SCHEER 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, December 12, 1932) 

In view of the parallelism existing between the phenomena of spe- 
cific precipitation and anaphylaxis, the observation that certain 
azodyes give typical precipitin reactions (1) led us to investigate the 
possibility of inducing anaphylactic shock by such dyes in animals 
sensitized to azoproteins. In fact, suggestive results along this line 
had been obtained (2, 3),\sdth animals sensitized to azoproteins, pre- 
pared from /^-aminotartranilic acid, but these effects were not constant 
and could not be reproduced easily. 

For the experiments to be described, azodyes were used which were 
obtained by coupling resorcinol with diazotized ^-aminosuccinanilic 
acid and /^*aminosuberanilic acid. 

experhiektal 

The antigens used for sensitization were prepared from horse globulin and the 
diazotized amino acids in the manner already described (I). Guinea pigs weighing 
250 to 300 gm. received an intrapcritoncal injection of 1 cc. of a 1 per cent 
solution of the azoprotcin and 1 week later a second inj’cction of the same quantity. 
The animals were tested 3 weeks after the last injection. 

For the anaphylactic experiments resorcinoldisazo-/>-succinanilic acid and rcsor- 
cinoldisazo-p-suberanilic acid were used; both dyes had been anaK*zcd and gave 
\’alucs for nitrogen corresponding to their chemical formulas (1). Stock solutions 
were prepared by dissolving 1/25 millimol of the dye (corresponding to 21.9 mg. 
of resorcinoldisazo-succinanilic add and 26.4 mg. of rcsorcinoldisazo-subcranilic 
add) in 6 cc. k/ 50 sodium hydroxide and adding 2 cc, n/ 50 hydrochloric acid and 
2 cc. distilled water. After centrifuging to remove traces of undissolv'cd material, 
the dye solutions were kept in the ice box for 1 week in tubes of pvTcx glass, dosed 
vdlh rubber stoppers. Tl:c tests were made by intravenous injection of 1 cc. of 
various dilutions of the stocl; solutions, v.hich v.crc made isotonic by addition 
of the required amount of sail solution. 

The results arc presented in Tables I and II. 

055 
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Histological specimen — ^liver shows cloudy swelling and very little fat. Lipo- 
chrome pigment moderate in amount in liver cells. Kupffer cells enlarged but 
show no pigment. 

A-1467. Scarlet fever — ^bronchopneumonia — ^hemoglobin lOS per cent — ^33 yrs. 
Liver — autops}’' weight 2200 gm. — laborator)^ specimen 1780 gm. 

Histological specimen — liver epithelium is normal except for cloudy swelling and 
moderate amount of Hpochrome pigment. Kupffer cells normal. 

TABLE 3 


Hemoglobin Production Factors in Abnormal Human Liver 
Acute Infections 


Number 

Cause of death 

Iron content 
human liver 

Liver intake per 
day 

Hemoglobin output per 

7 days feeding 

fresh 

tissue 

daily 

intake 



from 

Human 

from 

Control 

ratio 

Human to 
Control 





mg, per 
cent 

mg. 

gm. 

gm. 

gm. 

gm. 

per cent 

A-187 

Erysipelas 

— 

— 

224 

300 

17 

28 

81 

A-223 

Erysipelas 


— 

320 

400 

30 

39 

97 

A-222 

Er>''sipelas 

— 

— 

330 

400 

22 

39 

69 

A-186 

Lung abscess 

— 

— 

188 

300 

47 

34 

224 

A-1465 

Scarlet 

17.0 

46 

270 

200 

96 

62 

114 

A-1467 

Scarlet 

8.3 

21 

250 

300 

65 

35 

224 

A-195 

Endometritis 

— 


278 

300 

31 

40 

1 84 

A-174 

Peritonitis 

— 


161 

300 

12 

41 

’ 55 

A-221 

Pneumonia 

— 


421 

225 

37 

33 

60 

X-352 

Influenza 

— 


300 

: 225 

47 

33 

107 

A-112 

T>’phoid ■ 

— 


243 

i 300 

41 

30 

171 

Avernp-o. . . 

'mm 

mmi 

271 
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A-195. Endometritis — streptococcus — septicemia — ictenis — 20 yrs. 

Liver — labonitor>' specimen 1950 gm. 

Histological specimen — liver cells show extreme acute fatty degeneration. There 
are scattered necrotic liver cells and a few nests of mononuclears. Slight hpo- 
cliromc. I^Ioderatc congestion. No definite icterus. This picture resembles 
phosphorus poisoning. 

A-174. Bladder perforation — general peritonitis 5-6 days duration — S0d= yrs* 
Liver — laborator>' specimen 1130 gm. 

Histological specimen — liver cells are nearly normal but for slight cloudy swelling- 
There is moderate capsular fibrosis and portal increase in stroma. Lipochromc 
slightly increased. 
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death occurred in all animals reinjected with 1.1 and 0.55 mg. of the 
succinanilic dye and in three of the five guinea pigs injected with 0.27 
and 0.07 mg.; even 0.035 mg. of the dye still produced marked anaphy- 

TABLE n 


Animals Tested by Intravenmis Injeclion of Solulions of Resorcinoldisazo-p 

Sticdna?! il ic A cid 


Animals sensitized \nth 
azoprotein made from p-amino- 
succlnamlic acid 

Animals sensitized with^ 
azoprotcin made from P-amino- 
suberanilic add 

Konnal animals 
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oSi 
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c. 

ee 

‘a 
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3 £ 
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H 

X 

te 

*£. 

o 

cS 
o « 

£ 



cr>> 

id 
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cr >» 

♦: 

rt 

3 *-> 

cr X 
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*5 

1-^ 



3 
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3 
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|l 

3 

«n 

O 


to 


C 

< 

to 


O 

<; 

to 




•c. 



pir. 

•c. 



r;r. 

•c. 


1 

1.1 



21 

2.2 

-0.3 

Xegativc 

41 

2.2 

-l.I 

Xegativc 

2 



t S “ 

22 

2.2 

-0.4 

It 

42 

2.2 

-0.1 

it 

3 



t 5 “ 

23 

1.1 

+1 

it 

43 

2.2 

-1.3 

it 

4 

1.1 


t21 “ 

24 

1.1 

-0.5 

ti 

44 

1.1 

-1 

it 

5 

1.1 


t 4 “ 

25 

1.1 

-0.8 

Slight 

45 

1.1 

-0.7 

tt 

6 

1.1 

1 

1 4 « 

26 

0.55 

-0.1 

Xegativc 

46 

1.1 

-0.8 

tt 

7 

0.S5 


t 5 “ 

27 

0.27 

-1.3; 

tt 

47 

1.1 

-o.i! 

it 

8 

0.55 


t 4 '' 



1 

j 
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9 

0.27 


t 4 “ 









10 

0.27 


t 4 “ 









11 

0.27 

-0.6 

Slight 





i 
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12 

0.07 


t 5 min. 





i 


i 


13 

0.07 

-2.9 

Severe 





1 




14 

0.035 

-l.S 

11 









15 

0.035 

-0.7 

Slight 










t Dcalli of anImaL 

Autopsies showed the characteristic features of anapbybctic death (heart beat- 
ing, lungs distended). 


lactic SNTTiptoms. Consequently the quantities necessary for dialing 
shock arc of the same order of magnitude as those required when 
proteins arc used (5), in conformity with the sensitivity of the precipi- 
tin reaction of the dyes (1). Hic doses used and still larger ones had 
practically no effect upon normal guinea pigs or animals sensitized 
^^^th a heterologous azoprotcin. 
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droplets in moderate amount in liver cells. Central lipochrome in moderate 
amount, no necroses. 

X-509. Cystitis and pyelonephritis — ^uremia — 49 years. 

Liver — ^laborator}^ specimen 1620 gm. 

Histological specimen — granular swollen liver cells. Leucocytes and polymor- 
phonuclears in some portal areas. Little lipochrome. 

A-1794. Diabetes — coma — ^hemoglobin 90 per cent — 44 }ts. 

Liver — autopsy weight 2270 gm. — ^laboratory specimen 1900 gm. 

Histological specimen — liver sections practically normal; the liver cells show a 
frotli}^ protoplasm suggesting abundant glycogen. Lipochrome pigment scanty. 

A-1768. Diabetes — septicemia — coma — 51 yrs. 

Liver — autopsy weight 1900 gm. — ^laboratory specimen 1700 gm. 

Histological specimen — Oliver sections essentially normal but for slight parenchy- 
matous change. 

A-1327. Diabetes — portal thrombosis — hemoglobin 40 per cent — 73 yrs. 

Liver — autopsy weight 1450 gm. — laboratory specimen 1200 gm. 

Histological specimen — liver cells are swollen and show some fat droplets. No 
pigment is seen. The portal stroma is increased and there is a little annular 
cirrhosis. A few small h3’'aline necroses are found. Kupffer cells normal. 

A-1940. Th3TOtoxicosis — ^basal metabolism +56 per cent — 46 3TS. 

Liver — autops3’' weight 1150 gm. — ^laboratory specimen 1100 gm. 

Histological specimen — liver lobules relativel3’‘ normal. Some liver cells contain 
a few small fat droplets. Lipochrome is prett3’' abundant in the center of the 
lobule, Kupffer cells are normal, 

A-1457, TlnToid adenoma with intoxication — hemoglobin 80 per cent — 50 3^5. 
Liver — autopsN'* weight 1080 gm. — laborator3’’ specimen 900 gm. 

Histological specimen — liver cells show some atroph3’’ and increase in lipochrome 
pigment — otherwise normal. Kupffer cells normal. 

A-12S5. Ih'pcrtlnToidism and psychosis — embolism — hemoglobin 95 per cent — 
59 3'rs, 

Liver — autop53' weight 1350 gm. — laborato^' specimen 1325 gm. 

Histological specimen — liver lobules practicalh" normal. A few fat droplets seen 
at margin of lobule and lipochrome pigment in tlie central portion, KuplTcr cells 
normal. 


A*12U, Tlum toxicosis — hemoglobin 60 per cent — 64 3 TS. 
Liver — laborator}’ specimen 1110 gm. 



HEMOGLOBIN PRODUCTION FACTORS IN THE HUMAN 

LI\TSR 

I, Normal, Intection akd Intoxication 

By G, H, WHIPPLE, M.D., and F. S. ROBSCHEIT-ROBBINS 

{From the Department of Pathology, The University of Rochester School of Medicijic 
and Dentistry, Rochester, N- F.) 

(Received for publication, December 9, 1932) 

When it was found (6) that beef liver contained potent factors for 
hemoglobin regeneration in anemia due to bleeding in dogs, it was 
logical that a study of various liver material should follow. It was 
soon found (2) that fish liver was practically inert but that the liver 
tissue of many warm blooded animals contained these potent factors 
in abundance. Liver tissues from the pig, sheep, beef, reindeer, horse 
and chicken have been thoroughly tested and in general there is a 
remarkable constancy in the reaction of a given standardized anemic 
dog to animal liver feeding. In general we may say that the feeding 
of 300 gm. pig liver per day for 2 weeks, will effect the output of 
approximately 100 gm. new hemoglobin above the control level in 
these anemic dogs. Dogs have individual capacities of hemoglobin 
production which must be known before accurate standardization is 
established. 

We have often speculated as to the concentration of these potent 
factors for hemoglobin regeneration in the human liver, normal and 
abnormal, as well as in the diseased animal liver. As opportunities 
presented during the past 7 years' we have tested out these potent 
factors using our colony of carefully standardized anemic dogs. 

It is obvious that the behavior of these potent factors for hemoglobin 
regeneration holds much of interest for the student of pigment metabo* 
lism as well as for the physician who would understand the therapy 
of anemia. 

' Wc arc greatly indebted to Dr. Istvan Caspar. Dr. Ralph R. Mellon, Dr. 
Hcrl^crt R. Bro%vn and Dr. X. \V. ro]y>fr for \*2luab!c niotcriaL 
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A-68. Ulcerative colitis — ileostomy — cystitis — ^bronchopneumonia — ^hemoglobin 
65 per cent — 40 + yrs. 

Liver — ^laboratory specimen 1500 gm. 

Histological specimen — Oliver cells show periportal fatty degeneration, 3/4 of the 
liver cells are normal. Lipochrome abundant. 

A-162. Colitis — general peritonitis — empyema — ^pneumonia and abscess — ^long 
continued suppuration for 2 months — 63 yrs. 

Liver — ^autopsy weight 1600 gm. — ^laboratory specimen 1400 gm. 

Histological specimen — perihepatitis with organizing periportal fibrosis of mod- 
erate degree. Occasional small necroses. A little fat in periportal liver cells. 
Slight central atrophy with much lipochrome. Slight central congestion. 

A-1751. Chronic arthritis — arteriosclerosis — ^bronchopneumonia — ^hemoglobin 60 
per cent — 67 yrs. 

Liver — ^autopsy weight 1370 gm. — ^laboratorj’- specimen 1250 gm. 

Histological specimen — ^liver cells show atrophy and a few fat droplets. Lipo- 
chrome pigment is well marked. There are central h 3 mline necroses in many lo- 
bules. These areas of injury ma}' involve 10 per cent of the liver parenchyma 
examined. 

Table 4 shows a considerable group of chronic intoxications in which 
abnormalities of the kidney, pancreas and thyroid are represented. 
The potent hemoglobin factors in these livers are present in high con- 
centration which approximates the high values for the normal given 
in Table 1 . This is 149 per cent for Table 4 and 162 per cent for Table 
1. In wemia the figures for these hemoglobin factors are uniform and 
all seem close to the general average of 149. In connection with the 
anemia usually present in chronic nephritis we may refer to Table 33 
(Paper III) in which the values for extreme secondary anemia are 
given. 

Diabclcs evidently is often associated with rather low liver values for 
hemoglobin producing factors — in the 3 cases given an average of 99 
per cent as compared with the general average of 149 per cent (Table 
4) . Some obserx^ers might wish to explain this on the basis of an inter- 
relation of liver and pancreatic functions. 

Thyroid abnormalities show’^ very wide fluctuations in the content 
of hemoglobin producing factors in these livers. Some values are 
unusually low and one extraordinarily high. This case A-1457, Table 
4, shows nothing very’ unusual upon which to base an e.xplanation of 
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will be 200 per cent for the human material which obviously is twice 
as potent. 

The control base line in these experiments is established by standard 
intakes of pig liver in amoimts per day as indicated in the tables. 

Table 1. Diagnosis and histological description of liver. 

X-3011. Normal male — automobile accident — 2\ yrs. 

Liver — autopsy weight 1850 gm. — ^laborator>" specimen 1680 gm. 

Histological specimen — Oliver lobules and epithelium normal; a little lipochrome 
pigment is seen. 

X-2410. Normal male — automobile accident — fractured skull — 44 yrs. 

Liver — autopsy weight 1410 gm. — laboratory sperimen 1210 gm. 

Histological specimen — liver lobules normal; liver cells normal but for a ver^' 
heavy deposit of lipochrome pigment. Careful study shows no material which 
gives iron stain. The iron content of this liver is unusually high but it is all within 
the cell protoplasm not in pigment granules. This is probably due to dietary- 
factors. 

X-2722. Normal male — ^fatal trauma — 50 jts. 

Liver — autops>’’ weight 1690 gm. — ^Iaborator>" specimen 1550 gm. 

Histological specimen — Oliver cells and lobules normal; lipochrome is present in 
moderate amounts. 

X-2724. Normal male — automobile accident — 57 yrs. 

Liver — autopsy weight 1550 gm. — laborator>' specimen 1470 gm. 

Histological specimen — liver cells and lobules arc normal. Few liver cells show 
fat droplets and some lipochrome pigment. 

X-2720. Normal male — trauma and death in 10 hrs. — 60 jts. 

Liver — autopsy weight 2200 gm. — laboratoiy' specimen 2050 gm. 

Histological specimen — ^liver cells and lobules normal. A few mononuclears 
appear in the portal stroma. Lipochrome is abundant in the central portion of 
the lobules. 

X-2579. Normal elderly female — obesity — automobile accident — OS yrs. 

Liver — autopsy weight 2350 gm. — laboratory specimen 2320 gm. 

Histological specimen — the liver cells show many large fat droplets, a condition 
obwously related to the obesity. No pigment found. Kupficr cells normaL 

X-25SO. Normal elderly male — trauma and death in 12 hrs, — hemoglobin 105 
per ccnt“-<>4 %ts. 
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one case deviates conspicuously from this average. The reason for 
this individual variation is not clear. It is at least possible that this 
high value may be due to diet factors especially rich in iron. The 
control animal liver contains on the average 19 mg. per cent Fe. 

Table 2, Diagjiosis and histological description of liver. 

A-1096. Aneurism rupture — Oliver normal — 55 yrs. 

Liver — ^laboratory specimen 1560 gm. 

Histological specimen — normal liver tissue; a little lipochrome pigment seen in 
hepatic epithelium. 

A-1257. Sudden cardiac death — Oliver normal — hemoglobin 90 per cent — ^23 ^ts. 
Liver — autopsy weight 1550 gm. — ^laboratory specimen 1430 gm. 

Histological specimen — liver is practically normal. There are a few mononuclears 
in the periportal tissue. The liver cells show some lipochrome pigment. Kupffer 
cells are normal. 

X-2642. Normal adult — cerebral hemorrhage — alcoholic? — 10 yrs. 

Liver — autopsy weight 1900 gm. — laboratory specimen 1840 gm. 

Histological specimen — all liver cells show fat droplets, usxially of large size. This 
suggests alcoholism. No excess pigment. No liver necrosis. 

X-2578. Normal male — suicide — cyanide — 50 >ts. 

Liver — autopsy weight 1800 gm. — laboratory specimen 1640 gm. 

Histological specimen — sliver cells normal. A moderate amoimt of hpochrome 
pigment found in liver cells of the central part of the lobules. Kupffer cells normal. 

X-2542. Heat stroke — obesity — 50 >ts. 

Liver — ^laboratory specimen 2670 gm. 

Histological specimen — there is some fatty degeneration but liver cells in general 
are normal. There is a moderate increase in portal connective tissue. Eosino- 
philes are numerous in liver capillaries. No pigment of any Upe seen. Kupffer 
cells normal. 

X-2506. Trauma — fat embolism — hemoglobin 90 per cent — SO jts. 

Liver — autopsy- weight 960 gm. — laboratory* specimen 940 gm. 

Histological specimen — liver sections typical of senile atrophy*. Lipochrome 
pigment is abundant in liver cells particularly in the center of the lobules. KupfTer 
cells normal. 

.'VI 203. Acute pneumothorax — normal \’isccra — 10 d= >*ts. 

Liver — autopsy weight 1390 gm. — laboratory specimen 1340 gm. 

Histological specimen — liver quite normal except for capillaiy* congestion. No 
pigment to be seen. 
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cells. Kupffer cells normal A few liver cells here and there contain a few pig- 
ment granules giving an iron stain. 

Table 2 shows a group of human cases in which the viscera are rela- 
tively normal but show a variety of concomitant abnormalities. The 
liver itself is practically normal except for senile atrophy in many 
cases. Death took place suddenly in some cases or after a few hours 
in others. Arteriosclerosis is present in the majority of these cases. 

The hemoglobin production factors in this liver tissue are obviously 
less abundant than in the normal liver material of Table 1 . Even in 
^ these cases (Table 2) the potent factors are more abundant in the 
human liver than in animal liver — 117 to 100. This figure of 117 may 
appear as the low normal or if we insist that Table 1 is the actual nor- 
mal then these chronic senile changes may be in part responsible for 
the drop in the liver content of potent hemoglobin production factors. 

Table 3. Diagnosis and histological descripiio7i of liver. 

A-187. Acute erysipelas and toxic death — 66 yrs. 

Liver — autopsy weight 1850 gm. — laboratory specimen 1570 gm. 

Histological specimen — swollen liver cells, much lipochrome in center of lobules, 
dusters of mononuclears in portal areas. No fat. Slight congestion, 

A-223. Erysipelas — endocarditis — acute nephritis~60 jts. 

Liver — ^laboratory specimen 2250 gm. 

Histological specimen — swollen liver cells, few small necroses and nests of leuco- 
c>^tcs, few fat droplets, sUght inflammation of bile ducts and considerable portal 
inflammation and fibrosis. Little lipochrome pigment. 

A-222. Erysipelas — sccondar>^ subacute nephritis — IS >ts. 

Liver — ^laboratory specimen 2300 gm. 

Histological specimen — liver cells swollen, few fatt>' cells, few tiny necroses, mono- 
nuclears and pohTnorpbonu clears in portal tissue. Little lipochrome, moderate 
congestion, numerous pol>Tnorphonudears in capillaries. 

A-186. Eiysipelas 3 wks. ago — lung abscess — arteriosclerosis — pach\Tncningitis — 
6S yrs. 

Liver — autopsy weight 1570 gm. — laboratoiy specimen 1320 gm. 

Ilbtological specimen — liver cells arc granular and swollen — a few fat droplets 
seen. Lipochrome present — no necrosis, sUght congestion. A good many mono- 
nuclears found in portal areas. 

.'VInCS. Scarlet fever — bronchopneumonia — hemoglobin 95 per cent — ^9 \ts. 
Liver — autopsy weight 2000 gm. — laboratory specimen 1900 gm. 
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A-221. Lobar pneumonia, Tj-pe I — 39 >ts. 

Liver — ^laboratory specimen 2950 gnu 

Histological specimen— liver cells swollen and granular, few tiny fat droplets, 
few tiny focal necroses. Lipocbrome moderate, slight portal fibrosis with mono- 
nuclears included. 

X-352. Acute hemorrhagic bronchopneumonia (influenza) — ^30-f yis. 

Liver — ^laboratory specimen 2150 gm. 

Histological specimen — diffuse fatty degeneration of liver cells, stroma normal. 
Lipocbrome abundant. 

A-112. Typhoid, 24 days duration — terminal bronchopneumonia — 17 yrs. 

Liver — ^laboratory specimen 1700 gm. 

Histological specimen — topical numerous focal necroses, mononuclears abundant 
in portal tissue, liver cells swollen and granular. 

Table 3 shows a group of acnie infections in which the fever and 
intoxication lasted from 1 to 4 weeks. It is obvious that the potent 
factors for hemoglobin production are not present in high concentra- 
tion in these livers. The average figure 117 per cent is identical with 
the average of Table 2 — to be designated as subnormal or at least a 
low normal. In the more acute fulminating infections the values 
appear to be lower than in the infections which are prolonged over a 
few weeks. This is in harmony with Table 4. 

Table 4. Diagnosis and histological description of liver, 

A-1682. Nephritis — diabetes — uremia — 52 jts. 

Liver — autopsy weight 1430 gm. — laborator>’ specimen 1250 gm. 

Histological specimen — liver in general normal. There is a little lipocbrome pig- 
ment in some of the liver cells. Kupffer cells show an occasional tiny 3'ellow grain 
of pigment. 

X-354. Mcrcuiy poisoning — necrosis of renal epithelium — colitis — uremia — 25 

>TS. 

Liver — ^labonilor>' specimen 1570 gm. 

Histological specimen — liver cells show cloudy swelling; no necroses but many 
mitoses seen. No lcucoc>'tcs. Slight congestion. Lipochrome scanty, 

A-204. Tuberculosis of ladncy — pyelonephritis — emaciation — ^hemoglobin 65 p>cr 
cent — 56 \ts. 

Lixor — autops}* weight 900 gm. — laboratory specimen 740 gm. 

Histological specimen — liver epithelium is rclati%*cly normal. Periportal large fat 
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and phagocytes. We may say that the normal liver parenchyma is 
“diluted^^ by this much inert tissue. We believe the remaining liver 
cells contain a normal amount of the substances which promote 
hemoglobin formation under experimental conditions. 

Table 22, Diagnosis and histological description of liver, 

A-S80, Chronic pulmonar}^ tuberculosis — am 3 doidosis — ^hemoglobin normal— 
23 3TS. 

Liver — ^laborator}^ specimen 2700 gm. 

Histological specimen — extreme antyloidosis, 2/3-3 /4 of each liver lobule is 
amyloid. Liver cells show atrophy" and fat droplets. 

A-326. Chronic pxilmonar}^ tuberculosis — am 3 doidosis — 41 
Liver — laboratorj^ specimen 2380 gm. 

Histological specimen — extreme am 3 doidosis, onb’’ about 1/4 of section is hepatic 
epithelium. Small atrophic threads of liver cells. Few tubercles. Lipoclirome 
conspicuous in atrophic liver cells. Ver 3 ’' little fat. 

A-348. Chronic pulmonar\^ tuberculosis and am 3 doidosis — 43 3 TS. 

Liver — laborator 3 ’' specimen 2550 gm. 

Histological specimen — am 3 doid makes up about 1/2 of each lobule. Liver cells 
outside of tliis am 3 doid deposit are well preserved. No fat, no necrosis, little lipo- 
chrome. 


A-226. Chronic pulmonar 3 ’’ tuberculosis — am 3 doidosis — disseminated tubercles 
20 3Ts. 

Liver — autops 3 ’‘ weight 1250 gm. — laboratorA^ specimen 1220 gm. 

Histological specimen — ara 3 doid and stroma make up about 1/2 of each liver 
lobule, most of the am 3 doid appears in portal zone, small amount of lipochrome m 
central half of lobule. Liver cells atrophic, little fat. 

A-293. Chronic pulmonar 3 - tuberculosis — slight am 3 doidosis — 50-60 per cent 
hemoglobin — 22 ats. 

Liver — Iaborator 3 ^ specimen 950 gm. 

Histological specimen — fat droplets conspicuous in peripheral half of lobule. 
Center liver cells arc swollen. Little lipochrome. Few lobules show carl}' am)'- 
loid deposit. Few tubercles, slight portal fibrosis. Jlononuclears numerous m 
capillaries. Kupflcr cells large. 

A-ISSP. Alcoholism — pulmonar\- tuberculosis— hemoglobin 90 per cent — H >ts. 
Liver — autopsy weight 25S0 gm. — laborator}' specimen 2350 gm. 

Histological specimen — practicalh' all liver cells show large and small fat droplets. 
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Histological specimen— liver cells in centers of lobules show moderate amounts of 
lipochrome pigment. Liver cells in peripheral half of lobules show much fatty 
degeneration. Kupffer cells normal. 

A-'64. Hyperthyroidism — organizing pericarditis — cardiac h\i)ertrophy — 56 yis. 
Liver — laboratory specimen 1260 gm. 

Histological specimen— liver cells show atrophy, slight lipochrome pigmentation; 
there is slight portal fibrosis. 

TABLE 4 


Hemoglobin Production Factors in Abnormal Human Liver 
Uremia, Diabetes, Thyroid States, Colitis, Arthritis 
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A-373. M\7:cdcma — fibrous th\Toid — ^basal metabolism «= minus 43 per cent — 
62 yrs. 

Liver— autopsy weight 1475 gm. — laboralor}’ specimen 1100 gm. 

Histological specimen — liver cells show a good deal of atrophy with central lipo- 
chrome pigmentation. There arc scattered fat droplets and a good deal of yellow 
pigment in KupfTcr cells. Much arteriosclerosis of small arteries. Iron stain 
positive in pigment in KupfTcr cells, not in liver cells. 
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Histological specimen — ^fatty liver cells contain large and small droplets. 
Moderate lipochrome, no fibrosis. 

Table 22 shows typical cases of amyloidosis due to long continued 
tuberculosis. The cases are arranged in order of the extent of the 
amyloid deposit. The first two cases in histological sections show 
about two-thirds of the section made up of amyloid. If we allow for 
this "dilution” of the liver cells by this amyloid deposit we arrive at 
figures about 3 times those given in Table 22 or high normal values. 
If however on the basis of normal liver weights in tuberculosis we say 
that there is an excess weight of amyloid amounting to 1000 gm. in 
each instance we would find our calculations for the remaining liver 
cells at about the normal level. There is no evidence that amyloid 
contains any factors which favor hemoglobin regeneration although 
most of the amyloid probably is undigested and unabsorbed. 

Table 22 also shows that acute and chronic alcoholism does not 
seriously deplete the store of hemoglobin producing factors in the 
liver. In fact if we allow for the abnormal liver weight due to fatty 
degeneration we arrive at values which are close to normal. 

Table 23. Diagnosis and histological description of fiver. 

A-512. Primar>' fiver cell cancer — ^hemoglobin 90 per cent — ^no icterus — 54 yrs. 
Liver — autopsy weight 6000 + gm. — laboratory specimen 5135 gm. 

Histological specimen — pigmented tumor cells numerous, much necrosis. Liver 
cells are very rich in pigment which contains iron. Tumor cells show iron staining 
pigment. 

A-S4-31. Liver carcinoma i\dth cirrhosis. 

Liver — autopsy weight 1760 gm. — laboratory specimen 1650 gm. 

Histological specimen — Oliver cancer originating probably from hepatic cpithehum. 
Elsewhere the liver shows a moderate grade of annular cirrhosis. The fiver cells 
arc well preserved and appear relatively normal. Lipochrome pigment is present. 

X-37S8. Cancer of stomach — fiver metastases — hemoglobin 100 per cent — 60 yrs. 
Liver — autopsy weight 4690 gm. — laboratory specimen 4290 gm. 

Histological specimen — e.xtensive replacement of liver cells by adcno-carcinoma. 
There appear to be more tumor than fiver cells. Liver cells show a little atrophy 
especially in centers of lobules. No unusual pigment. Small amount of hpo- 
chromc pigment. Kupficr cells normal. 

A-1741. Embr>-oma testis — liver metastases — hemoglobin 60 per cent — ^38 yrs. 
Liver — autopsy weight 1700 gm. — laboratory' specimen 1460 gm. 
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the very high figure for liver potency — 413 per cent. The case was 
one of very severe thyroid intoxication admitted in coma, death super- 
vening in a few hours. There was found a slight terminal broncho- 
pneumonia. The th)n:oid showed the usual histological picture. 
Liver normal. This may indicate some important influence of a thy- 
roid hormone upon liver fimction but a satisfactory explanation is not 
apparent. 

The last 3 cases in Table 4 show that in long continued infection 
and intoxication there may be no decrease in the liver content of these 
potent hemoglobin producing factors. 

DISCUSSION 

We may look at liver material as representing so many grams of 
potential hemoglobin which wall be produced in these standard anemic 
dogs. When 300 gm, pig liver is fed daily for 14 days we expect on 
the average a return of 100 gm. hemoglobin or a ratio of 4200 to 100. 
That is 42 gm. of pig liver is equivalent to 1 gm. hemoglobin in this 
type of biological assay. WTien we use the ratio in Table 1 indicating 
that human liver is more potent than pig liver (162 to 100) we arrive 
at a figure of 26 gm. human liver as equivalent to 1 gm. hemoglobin 
as tested by biological assay. 

In all these tables the potential hemoglobin values for the liver tissue 
are given as per gram fresh w'eight. Some may object that it would 
be better to calculate for each whole liver the total potential hemo- 
globin in grams w’hich its weight represents. This figure can be 
readily computed from the tabulated data. It is ob\nous that the 
senile atrophic liver which may be 1/2-2/3 normal weight would show' 
subnormal values even more apparent than the tabulated values (Table 
2) if w'c allow'ed for this w'eight shrinkage. We ma 3 ’’ sB.y that a normal 
adult human liver of 1700 gm. represents potential hemoglobin 
amounting to 65 gm. as tested by standard biological assa}'. In like 
manner a senile liver tested at 100 (Table 2) compared to 100 per cent 
control and weighing 1000 gm. represents but 24 gm. potential 
hemoglobin. 

In like manner the figures for acute infections as given per gram of 
liver tissue may not mean a great loss for the whole liver but in some 
cases a ‘^dilution’* of the potential hemoglobin \'alue 5 due to the cloud\" 
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A-359. Cancer of gall bladder — sliver metastases — icterus — terminal endocardi- 
tis — 78 jTS. 

Liver — autopsy weight 1850 gm. — laboratory specimen 1300 gm. 

Histological specimen — much tumor tissue. Much liver cell necrosis in places and 
post mortem change. Icterus and plugs in bile canaliculi in some areas. 

Atrophj'^ of liver cells elsewhere. Lipochrome abundant. 

Table 23 shows various types of primary and secondary cancer 
replacement and invasion of the liver. There is no evidence that cancer 
cells even when originating from hepatic epithelium contain substances 
which promote hemoglobin regeneration. It appears that the largest 
liver specimens containing the largest mass of tumor cells give lower 
values per gram specimen weight. We may say these masses of cancer 
“dilute” the potency of the remaining liver cells just as is found with 
amyloid deposit (Table 22). There is no reason to suppose that the 
tumor material is not completely disintegrated and assimilated. 

The first case (A-512) in Table 23 illustrates this “dilution” by 
tumor tissue. This liver weighed more than 3 times normal and we 
may safely assume that the liver cells made up less than the normal 
liver weight. If we take this fact into consideration the concentra- 
tion of hemoglobin production factors instead of rating 51 per cent of 
control would read more than 150 per cent or normal. 

The second case (A-54-31) in Table 23 shows a second instance of 
primary'- liver carcinoma where there was little increase in liver weight, 
yet the liver cell cancer did occupy a considerable (1/5-1/7) bulk of 
the liver mass. If we allow for tliis “dilution” with inert tumor tissue 
we arrive at a figure within low normal values. 

The liver cells closely associated with masses of tumor cells are 
usually supposed to suffer from hj’pothetical to.xic material coming 
from tumor growth and disintegration. The liver cells actually show 
some atrophy and fatty degeneration and the tumor masses may inter- 
fere with bile circulation and blood flow through liver lobules. In 
spite of all this, the concentration of hemoglobin producing factors 
within the liver cells is not significantly reduced. 

In one instance (A-456) the iron analysis shows high values for the 
total daily intake and this iron may account for more than half the 
actual hemoglobin production which would mean a low value for the 
liver cells even when allowance is made for the “dilution” with 
cancer tissue. 



G. H. WHIPPLE AND F. S. ROBSCHEIT-ROBBINS 


651 


tent hemoglobin production factors in the human liver (Table 3). 
The average value is 117 as compared with 100 control but the more 
acute cases show the lower values. 

Chronic intoxications show values which are dose to the human 
normal — 151 per cent. The liver content of hemoglobin producing 
factors shows very wide fluctuations in cases of thyrotoxicosis. 
Diabetes may be associated with rather low values. 

There may be complete dissociation of the organic iron content and 
the concentration of hemoglobin production factors in the liver. 
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stroyed with much bile duct proliferation. Fibrous tissue rich in mononuclears 
and polymorphonuclears. Perhaps half of section shows well preserved liver 
cells, little fat, much granular yellow pigment in liver cells. Iron granules 
stain abundantly in liver cells. Few colloid plugs in canaliculi. No hepatic in- 
sufBciency. 

A-1530. Hepatitis and icterus — cardiac failure — alcoholism — ^hemoglobin 80 per 
cent — 54 yvs. 

Liver — autopsy weight 950 gm. — laboratory specimen 840 gm. 

Histological specimen — liver does not show a characteristic cirrhosis. There is 
no striking distortion of liver architecture. Man}'- liver lobules are normal except 
for icterus. Many lobules show extensive necroses which are healing with accumu- 
lation of mononuclears and scar tissue. There are some new formed bile ducts 
here. Bile canaliculi are conspicuous. Kupflfer cells contain much granular pig- 
ment. There is yellow pigment in many liver cells. No pigment gives a stain for 
iron. This liver is not insufficient but has been subjected to focal injur}'* in many 
lobules. 

A-1238. Subacute hepatitis — icterus — ^hemoglobin 90 per cent — ^38 yrs. 

Liver — autopsy weight 1340 gm. — laborator}'* specimen 1100 gm. 

Histological specimen — portal tissue increased and infiltrated with mononuclears. 
Liver lobules not extremely distorted but show scattered necroses and diffuse cell 
infiltration and edema of stroma. Bile canaliculi in places conspicuous, filled witli 
yellow colloid, Kupffer cells rich in pigment. Many liver cells, possibl}^ 1/2 of 
each lobule, appear normal. This process may have begim as a cholangitis. 
Fibrinogen not reduced. 

A-700. Liver cirrhosis — ^nephritis chronic — cardiac congestion — hemoglobin 75 
per cent — 79 }ts. 

Liver — autopsy weight 2460 gm. — laborator}^ specimen 2180 gm. 

Histological specimen — annular portal fibrosis with many mononuclears included. 
Little bile duct proliferation. Liver cells not disarranged but show granular 
degeneration and little fat. Some lobules show moderate lipochrome and others 
not, Kupffer cells normal. 

X-S35. Liver cirrhosis with hepatitis — icterus — esophageal hemorrhage — 62 }ts. 
Liver — autopsy weight 2670 gm. — laborator>- specimen 2400 gm. 

Histological specimen — ^advanced cirrhosis with great injur}” of hepatic epithelium, 
extreme fat, good deal of necrosis, diffuse fibrosis, much abortive bile duct pro- 
liferation — ^bile canaliculi all distended vath colloid plugs — not much lipocliromc. 
Severe parenchyma injur}'. 

A*56^{, Liver cirrhosis (hob-nail) — s}'phi!i3~~subacute nephritis — ^hemoglobin SO 
\KT cent — 56 yrs. 
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When we first took up the study of the hemoglobin production fac- 
tors in abnormal livers, we were surprised to find that the great 
majority of these cases showed normal or perhaps low normal human 
values. It is obvious from a glance at the tables below that only 
imder conditions of grave injury does the liver cell give up the unknown 
substances which can be used to produce new hemoglobin and red cells. 
Even in fatal liver insufficiency (Table 25) the liver cells still contain 
some of the factors which go to form new hemoglobin although the 
amount of these hemoglobin production factors may be reduced to 
1/3 normal. By way of contrast we observe in the next paper (Tables 
31 and 32) that primary and aplastic anemias show a considerable 
excess storage of these same factors within the liver. 

The same methods and experimental procedures were used in these 
experiments as described in the preceding paper — in fact all these 
experiments developed during the same period and the cases were 
assayed as material became available but the data are arranged 
according to the abnormal findings. 

Tabic 21. Diagnosis and histological description of liver. 

A-1105. Myocardial failure — passive congestion of liver — 36 \ts. 

Liver — autopsy weight 2150 gm. — laborator>* specimen 1850 gm. 

Histological specimen — U-pical picture of ad\'anccd passive congestion of liver 
lobules. The central one-half of the lobules shou’s atrophy of liver cells with 
fatty degeneration. The marginal half of each lobule shows relati\'cly normal liver 
cells. Lipochromc pigment is not abundant, 
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liver epithelium shows a good deal of fat and very little pigment — ^no icterus. 
Scar tissue is abundant within the lobules and mononuclears are numerous. Bile 
duct sprouts are present. Liver cell function would seem to be impaired. 

TABLE 24 


Ecinoglohin Production Factors in Ahnormal Human Liver 
Liver Cirrhosis — No Evidence of Liver Insufficiency 




Iron content 
human liver 

Liver intake per 
day 

Hemoglobin output per 

7 days feeding 

Number 

Cause of death 

fresh 

tissue 

daily 

intake 

Human 

Control 

from 

Human 

from 

Con- 

trol 

ratio 

Human 

to 

Control 



tng. 

per cent 

tns. 

5m. 

5m. 

5m. 

5m. 

per cent 

A-1589 

Cirrhosis 

12.3 

17 

140 

300 

51 

58 

190 

A4468 

Cirrhosis 

8.1 

17 

210 

300 

50 

52 

139 

A-615 

Cirrhosis 

18.5 

34 

185 

300 

49 

54 

148 

A-llH 

Cirrhosis 

3.2 

8 

245 

300 

23 

45 


A-788 

Cirrhosis 

16.5 

30 

167 

142 

58 i 

38 

129 

A-1530 

Hepatitis 

4.7 

6 

115 1 

300 ; 

47 

46 

261 

A-1238 

Hepatitis 

5.4 

8 

157 

300 

52 

54 

186 

A-700 

Cirrhosis 

3.6 

11 

310 

300 

45 

43 


X-835 

Hepatitis 

— 


340 

300 

41 

40 

91 

A.564 

Cirrhosis 

6.5 


103 

300 

26 

' 53 

! 145 

A.789 

Cirrhosis 

— 


396 

300 

71 

54 

100 

A-29-77 

Cirrhosis 

17.3 

23 

130 

300* 

1 48 

35 

320 

A-2846S 

Cirrhosis 

— 

— 

1 370 

! 300 

53 

54 

79 

A-27-160 

Cirrhosis 

— 

— 

130 

300 

63 

53 

274 

A-51-27 

Cirrhosis 

— 

— 

107 

i 300 

59 

53 

310 

X-3334 

Cirrhosis 

2.6 

9 

1 320 

300 

65 

67 

90 

A-197 

SI. cirrhosis 

— 

— 

190 

300 

36 

28 

200 

A-205 

SI. cirrhosis 

— 

— 

290 

300 

55 

S3 

108 

A.730 

SL cirrhosis 

14.5 

29 

200 

300 

50 

35 

218 

A-1024 

SI. cirrhosis 

8.3 

IS 

210 

105 

71 

30 

118 

Average 

9.3 

17 

216 




164 







A-197. Liver cirrhosis (liob-nail) — subacute colitis — 46 yrs. 

Liver — laboratorj' specimen 1350 gm. 

Histological specimen — moderate biliary cirrhosis. Mononuclears verj" numer- 
ous in thick portal tissue. Moderate bile duct regeneration in places. Liver cells 
show scattered small fat droplets, no necroses. Few colloid plugs in bile canalic- 
uli. Bulk of liver cells are normal. 
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with syphilitic aortitis and cardiac failure lasting several years. A 
serious break in compensation was recorded 3 weeks before death. 
Patient came into the hospital and died in 24 hours. The liver showed 
the expected passive congestion. It so happened that this material 
was divided and tested on two dogs. The smaller amount might not 
be convincing but the larger amoimt, 120 gm. daily, gave no evidence 
of any hemoglobin producing factors in this material. Only one other 
case in all this series shows a zero test — see Table 35 (Paper in), case 
of eclampsia. We have no explanation to offer but believe that 
methods and experimental procedure can be excluded. 


TABLE 21 

HemogJohm Production Factors in Abnormal Human Liver 
Cardiac Passive Congestion — Red Atrophy of Liver 


Number 

Cause of death 

Iron content human 
liver 

Liver intake per 
day 

I Hemoglobin output per 

7 days feeding 

fresh 

tissue 

daily 

intake 

Human 

Control 

from 

Human 

from 

Control 

ratio 

Human 

to 

Control 



ms, i>trctnl 

VIS. 

im. 

im. 

tm. 


ftr cer.t 

A-1105 

Myocarditis 

18.6 

50 

260 

300 

40 

53 

87 

mSm 

Cardiac 

6.7 

18 

260 

300 

25 

45 

64 

msM 

Cardiac 

6-9 

11 

155 

300 

44 

41 

210 

A.94 

Cardiac 

— 

— 

177 

300 

25 

33 

132 

A-78 

Cardiac 

— 

— 

181 

225 

19 

33 

70 

A-OO 

Aortitis 

— 1 

— 

70 

300 

0 

35 

0 

A-60 

Aortitis 

— 

— 

120 ; 

160 ; 

0 

30 

0 

Average 



175 






If we exclude this last case A-60 from the average, we get an average 
of 112 per cent which practically coincides vnth the degenerations 
listed under Table 22. All cases listed in Table 21 show tjT^ical central 
atrophy of liver cells, in some cases vnth more or less central necrosis 
of liver cells. The usual mid zone of fat is found while the periportal 
liver cells arc normal. It is not surprising that this t\*pe of liver 
atrophy (cardiac) should show some loss of these potent hemoglobin 
producing factors as a goodly percentage of liver parench\Tna has 
vanished and its place is taken by reticulum, congested capillaries 
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Tabic 25. Diagnosis and histological description of liver. 

A-956. Cirrhosis and hepatitis — liver insufficiency — ^hemoglobin 40 per cent — 33 
yrs. 

Liver — autopsy weight 2160 gm. — laboratory specimen 2050 gm. 

Histological specimen — the general picture is that of a coarse annular type of 
cirrhosis in which scar tissue makes up more than half of all liver sections. This 
scar tissue is full of mononuclear and a few poljunorphonuclear cells. Only an 
occasional island of liver cells is normal. As a rule the islands of liver cells show 
focal injury and infiltration with wandering cells in large numbers. The picture 
throughout the liver sections is that of a diffuse subacute inflammatory reaction 
involving stroma and hepatic epithelium as well as bile ducts — a true diffuse 
hepatitis. Lipochrome pigment is scanty. No pigment observed in Kupffer 
cells. Occasional liver cells show bile canaliculi filled udth yellow colloid (icterus). 
Many liver cells show fat droplets. The blood fibrinogen was subnormal during 
the last weeks of life and we may safely assume a true hepatic insufficiency. 

A-982. Cirrhosis and hepatitis — ^alcoholism — ^hemoglobin 30 per cent — 40 yrs. 
Liver — autopsy weight 2700 gm. — laboratory specimen 2580 gm. 

Histological specimen — no normal liver tissue anywhere. Remarkabty diffuse 
increase in stroma both in portal region and throughout all parts of lobules. Lo- 
bules are full of tiny focal necroses in which wandering cells are numerous. Liver 
cells arc of every type, some large and hydropic, others showing fat, others hyaline 
necrosis. Pigment is scanty. The regular architecture of the lobule is completely 
destroyed. New bile ducts are inconspicuous. Blood fibrinogen 0.452 per cent 
and normal blood clots at autopsy. 

A-905. Acute hepatitis — icterus — delirium — soft clots and hemorrhages — hemo- 
globin 75 per cent — 14 yrs. 

Liver — autops}-' weight 1350 gm. — laborator>^ specimen 720 gm. 

Histological specimen — no normal liver cells, slight portal fibrosis with mononu- 
clears. Central 1/2 of lobules shows extreme fat and even necrosis. Fatty 
degeneration noted in marginal 1/3 of liver lobule. Here abortive bile duct 
reaction seen. No pigment. Slight regeneration of liver epithelium, probable 
hepatic insufficiency. 

A-1628. Subacute hepatitis with cirrhosis — icterus — hemoglobin 58 per cent — 45 
yrs. 

Liver — autopsy weight 3590 gm. — laborator>- specimen 3170 gm. 

Histological specimen — liver lobulation completely destroyed by a diffuse reaction 
of cells and new formed stroma and bile ducts. There arc focal injuries, acute 
and chronic. The liver cells are much degenerated and show abundant pigment 
and in places bile canaliculi filled with brovm hyaline casts. Pigment is abundant 
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Pigment is scant>\ Occasional focal necroses. The portal stroma is slightly 
increased and contains many mononuclear cells. Icterus is indicated by some 
colloid casts in bile canaliculi. 


A-42-28. Acute and chronic alcoholism — 13 jts. 

Liver — ^laboratory specimen 1800 gm. 

Histological specimen— liver shovrs extreme fatty degeneration. All liver cells 
full of large or small fat droplets. Lipochrome noted in some areas. 

TABLE 22 


EemogJohiii Produclion Factors in Abnormal Human Liver 
Amyloid Liver {Tuberculosis), Fatty Liver {Alcoholism) 


Number 

Cause of death 

Iron content human 
liver 

Liver intake per 
day 

Hemoglobin output per 

7 days feeding 

fresh 

tissue 

daily 

intake 

Human 

Control 

from 

Human 

from 

Control 

ratio 

Human 

to 

Control 



mg. per cent 

ns. 

sm. 

gm. 

gm. 

gm. 

Per cent 

A-580 

Amyloid 

— 


380 

150 

49 

54 

72 

A^326 

Amyloid 

— 


340 

300 

43 

30 

127 

A-348 

Amyloid 

— 


365 

142 

46 

38 

47 

A-226 

Amyloid 

— 


174 

300 

12 

30 

71 


SI. amyloid 

— 


135 

300 

32 

33 

214 

A4359 

Alcoholism | 

5.8 

19 

380 

300 

oo 

50 

56 

A-42.28 

Alcoholism 

— 


260 

300 

38 : 

30 

146 

X.510 

Alcoholism 

— 


360 

225 ' 

58 ' 

33 

110 

Aw9 

Alcoholism 

— 

^9 

195 

300 

43 

34 I 

196 

X-185 

Alcoholism 

— 


193 

160 

14 

30 ' 

74 

Average 

■i 

9 

278 




111 


X-510. Acute and chronic alcoholism — 40 -f \ts. 

Liver — laboratory' specimen 2520 gm. 

Histological specimen— large and small fat droplets in all liver cells. Little 
lipochrome pigment. 

A-79. Acute alcoholism — terminal bronchopneumonia — 50 -f- ^ts. 

Liver — ^laboratory specimen 1375 gm. 

Histological specimen — liver cells shov.- difiuse fat infiltration vdth tinv fat drop- 
Slight portal cell increase. Much congestion. 

X-185. Chronic alcoholism — terminal bronchopneumonia — al>out 40 \'rs. 

Liver — bborator\' specimen 2700 gm. 
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X-2353. Suppurative cholangitis — portal cirrhosis — cancer of bile ducts — icterus 
— 38 yrs. 

Liver — autopsy weight 1720 gm. — ^laboratory specimen 1300 gm. 

Histological specimen — inflammatory reaction about bile ducts and portal tissue, 
occasional small abscesses. Central part of lobule maj"- show necrosis or extreme 
stasis of bile in bile canaliculi. Some liver epithelium fairly well preserved. 

Table 25 presents a group of cases in wliich saocre liver injury is 
present and in some instances liver insufficiency is obvious. In this 
liver material the hemoglobin producing factors are obviously reduced 

TABLE 25 

Hemoglobin Production Factors in Abnormal Human Liver 


Hepatitis and Functional Liver Insufficiency 


Number 

Cause of death 

Iron content human 
liver 

Liver intake per 
day 

Hemoglobin output per 

7 days feeding 

fresh 

tissue 

daily 

intake 

Human 

Control 

from 

Human 

from 

Control 

ratio 

Human 

to 

Control 



mg. per cent 

ptg. 


gm. 

gm. 

gm. 

per cent 

A-956 

Hepatitis 

1,7 

5 

290 

300 

13 

53 

26 

A-982 

Hepatitis 

1.8 

7 

360 

142 

27 

38 

28 

A-905 

Hepatitis 

— 

— 

100 

150 

36 

59 

92 

A-.1628 

Hepatitis 

24,0 

109 

450 

300 

74 

58 

85 

A.976 

Cirrhosis 

2.4 

2 

100 

300 

8 

30 

80 

A-709 

Cirrhosis 

10.9 

55 

500 

142 

29 

38 

22 

A-27-2S 

Cirrhosis 

— 

— 

187 

142 

26 

38 

52 

X-293 i 

Cirrhosis 

— 

— 

118 

300 

4 

35 

29 

A-821 ! 

Cirrhosis 

24.5 

35 

141 

142 

13 

38 

34 

X-2353 

Cholangitis j 

1.8 

3 

186 

200 


1 62 

,35 

Average 

9.6 

31 

243 




48 


below normal. The average figure is 48 per cent as compared with the 
normal of 162 per cent. Most of these abnormal livers are below 
normal weight so that if calculated for normal weight the figures 
would be still lower. 

In one case (A-162S) the iron analyses show' a high figure and a daily 
intake of 109 mg. Fe. This would account for about half the reaction 
noted in this case which is higher than the average. It is probable 
that there was blood destruction during the last days of life with c.xcess 
storage of iron in the phagocytes and hepatic epithelium as noted in 
sections. 
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Histological specimen— liver sections show a good deal of difhise tumor infiltration 
of the liver lobules about the portal structures. Occasional bile canalicuii show 
hyaline brown casts. Lipochrome pigment is in evidence. Some Kupffer cells 
contain a little pigment which stains for iron. 

A-367. Cancer of breast — liver metastases — 53 }ts. 

Liver — ^laboratory specimen 2400 gm. 

Histological specimen— much cancer tissue. Some liver cells normal, but numer- 
ous central necroses near cancer areas, ako atrophy and lipochrome pigmentation. 
Bile canalicuii plugged in some areas, probably a good deal of normal liver paren- 
chyma. 


TABLE 23 

Eeyiioglohbi Froduciion Factors in Ahnonnal Human Liver 
Liver Carcinoma — Primary and Secondary 




Iron content 
human liver 

Liver intake per 
day 

Hemoglobin output per 

7 days feeding 

Kumber 

Cause of death 

fresh 

tissue 

daily 

intake 

Human 

Con- 

trol 

from 

Human 

fro.Ti 

Con- 

trol 

ratio 

I Human 
to Con- 
1 trol 



mg. 

Per cent 

mg. 

1 

gm. 

1 gm. 

j 

1 gm. 

1 

ptr cent 

A-512 

1 Liver — Ca. 

— 

— 

733 


50 

30 

51 

A-54-31 

Liver — Ca. 

! 4.7 

11 

280 


44 

50 

94 

X-3788 1 

Stomach Ca, 

7.1 

43 

610 


93 

50 

91 

A-1741 

Embr>'oma | 

38.7 

so 

208 

300 

80 

74 

157 

A^67 

Breast Ca. 

— 


343 

300 1 

15 

41 : 

32 

A-129-29 

Stomach Ca. 

8.4 

18 

210 ' 

300 

15 

44 ^ 

48 

A.456 

Prostate Ca. 

13.8 


555 

300 

27 

34 

43 

A-359 

Gall bladder Ca. 

— 

H 

185 

200 

47 

62 


Average . 


14.5 

46 

391 



5 75 





A-1 29-29, Cancer of stomach with liver in\'asion — icterus — 51 \ts. 

Liver— labora tor}' specimen 1500 gm. 

Histological specimen — much of the liver section shows tumor tissue or degenerat- 
ing liver cclk. Much fatly degeneration of liver celk found. Some normal liver 
cclk arc present. Lipochrome pigment is abundant. Kupffer cclk shovr a 
yellow pigment. 

A-456. Cancer of prostate — extensive liver metastases — 7S yrs. 

Liver autopsy weight 4200 gm. — laboratory specimen 3900 gm. 

Histological specimen — cancer tksuc makes up much of sections. Liver celk 
show %*arious degrees of atrophy and fatly degeneration plus lipochrome. Large 
Kupflcr cells. 
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Cirrhosis or hepatitis with severe parenchyma injury and signs of 
hepatic insufficiency give low values (Table 25) in^biological assay 
— 48 per cent compared to normal human 162 per cent. It may be 
surprising that the liver cells hold so tenaciously to these xmknown fac- 
tors influencing hemoglobin production but obviously only in severe 
liver injury is this concentration seriously reduced. 
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Another case (A-1741) Table 23, shows a high iron analysis and 
this iron intake undoubtedly is a factor in the production of hemo- 
globin. This will in a measure offset the ^'dilution’' of the liver speci- 
men by tumor tissue but in this instance the final figure would be close 
to 150 per cent or normal. 

Table 24. Diagnosis and histological description of liver. 

A-1589. Liver cirrhosis (hob-nail) — ascites — hemoglobin 75 per cent — 74 yrs. 
Liver — autops}^ weight 1170 gm. — laboraton^ specimen 1000 gm. 

Histological specimen — a t 3 T)ical annular fibrosis involving portal structures but 
not the islands of preserved liver cells which in some areas show fat but elsewhere 
may be normal. Very little pigment an>’where. Occasional focal necroses. 
Kupfier cells inconspicuous. Bile ducts inconspicuous. 

A-1468. Liver cirrhosis (hob-nail) — ascites — pneumonia — 61 yrs. 

Liver — autopsy w’eight 1560 gm. — laboratory' specimen 1480 gm. 

HUstological specimen — usual picture of hepatic cirrhosis with much scar tissue 
which contains numerous mononuclears. Many liver cells normal. New formed 
bile ducts not conspicuous. Post mortem autolysis is well marked. Large bile 
ducts normal. Pigment scanty. Hupfier cells normal. 

A-615. Liver cirrhosis (hob-nail) — nephrosis — syphilis — hemoglobin 79 per cent 

—49 >TS. 

Liver — autopsy weight 1450 gm. — ^laboratory specimen 1300 gm. 

Histological specimen — considerable portal fibrosis with mononuclears and some 
new bile ducts. Liver lobules distorted but parenchyma looks normal except for 
cloudy swelling and little fat. No pigment. Kupfier cells normal. 

A-1114. Liver cirrhosis (hob-nail) — icterus — hemoglobin 35 per cent — 56 y'rs. 
Liver — autopsy” weight 1950 gm. — laboratory specimen 1740 gm. 

Histological specimen — typical annular periportal cirrhosis. The new scar tissue 
is full of mononuclears. Bile duct buds arc not numerous. The hepatic epithe- 
lium is relatively' normal except for icterus. Bile canaliculi conspicuous and filled 
v**ith dark colloid. KupfTcr cells contain a little pigmenL Patient had been 
bleeding into gastro-inlestinal tract, kidney's and body tissues, the last few wccl^ 
of life and this caused anemia. It is likely that some antisubstance Vius present in 
blood and responsible for the bleeding. Blood fibrinogen normal. Hepatic 
insufficiency' seems unlikely'. 

.•V-/SS. Li\ cr cirrhosis O^ob-nail*— 'alcoholic) — terminal pneumonia — hemoglobin 
90 per cent — 44 y'rs. 

Liver — laboratory specimen 1275 gm. 

Histological spccimen-^mudi annular portal fibro.ris, many lobules in part de- 
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used. This also explains the well known fact that recovery and hemo- 
globin reconstruction are so spectacular in pernicious anemia when this 
missing factor is supplied — a large surplus of all other needed building 
materials being at hand. By contrast the recovery from secondary 
anemia is much slower as all these building materials must be pro- 
duced within the body largely from food intake and this may consume 
a good deal of time, 

Richter, Ivy and ICim (2) have made interesting observations relat- 
ing to the liver in pernicious anemia. They find that the liver in an 
untreated case of pernicious anemia contained no factors which are 
abundant in the normal liver and promote a remission in human cases 
of pernicious anemia. Also the treated pernicious anemia case con- 
tains in its liver the material which promotes a remission in another 
case of pernicious anemia. 

Aplastic anemia is due to lack of red bone marrow to furnish needed 
red cells. What causes the red marrow to shrivel to a mere remnant 
is not known. In this disease it is observed (Table 32) that the liver 
stores excess of hemoglobin building material and this is not surprising 
as there is no outlet for this material. 

In secondary anemia we expected to find that these hemoglobin 
factors were much reduced if not almost completely exhausted. Much 
to our surprise it was found (Table 33) that in anemia due to loss of 
blood the liver contained a low normal concentration of these hemo- 
globin producing factors. This is true for man (Table 33) and for 
the horse (unpublished data) and therefore probably applies to other 
warm blooded animals. 

Secondary anemia due to blood destruction within the body may 
present a different picture. The last case in Table 33 illustrates this 
point but more observations are needed. It is not surprising that the 
liver stores iron and hemoglobin producing factors when red cells are 
being destroyed in the bod}^ 

Leukemia is almost always associated with more or less anemia, the 
terminal hemoglobin figures being about 30-40 per cent of normal. 
Sometimes blood transfusions with or without bleeding will modify 
the picture. AWien one examines the bone marrow it is not difficult 
to visualize the anemia as due to marrow disturbance. The red cell 
producing chain of cells in the marrow is crowded by the great mass 
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Liver — autopsy weiglit 930 gm, — ^laborator>" specimen 770 gm. 

Histological specimen — ^much portal scarring vrith mononuclears and new formed 
ducts and distortion of lobules, much liver parenchyma is normal but for much 
fatty degeneration and scattered large and small liver cell necroses. Kupffer cells 
large and contain no pigment. 

A-789. Liver cirrhosis — ^lobar pneumonia — ^hemoglobin 85 per cent — 45 3 ts. 
Liver — laboratory specimen 2775 gm. 

Histological specimen — ^little portal fibrosis but many mononuclears and few poly- 
morphonuclears. Occasional focal necroses in liver cells close to these portal 
areas. No pigment in liver cells but granular degeneration and little fat. Hupffer 
cells normal. Most of section shows normal liver cells. 

A-29-77. Liver cirrhosis (hob-nail) — icterus. 

Liver — laboratory specimen 940 gm. 

Histological specimen — much scar tissue, possibly 1/3 of section, full of hmpho- 
cytes and new bile ducts, lipochrome abundant Liver parenchyma hyper- 
trophied, some dihtise fatty degeneration. Few necroses, some lobules show 
icterus plugs in canaliculi, some not No hepatic insufficiency. 

A-28-168. Liver cirrhosis (alcoholic) — terminal bronchopneumonia. 

Liver — autopsy weight 2600 gm. — ^laboratory specimen 2590 gm. 

Histological specimen — much post mortem change. Scars abundant and coarse, 
perhaps replacing 1/4 entire section, much bile duct proliferation. Liver cells 
show much fat, bile canaliculi show numerous colloid plugs. Lipochrome abundant 

A-27-160. Liver cirrhosis — cystitis — ^pyelonephritis. 

Liver — ^laboratory specimen 910 gm. 

Histological specimen — coarse scars, liver parenchyma looks well and makes up 
4/5 of sections. Infectious biliary' type? No bile duct regeneration, mononu- 
clears foimd in scars. Few indefinite central necroses and little fat No icterus. 
No hepatic insufficiency. 

A-51-27. Liver cirrhosis. 

Liver — bboralory' specimen 750 gm. 

Histological specimen — sUght periportal fibrosis and clusters of mononuclears, like 
biliary cirrhosis in early* stage. Few colloid bile plugs in canaliculi. ?dany* large 
and small fat droplets in liver cells, few necroses of 1—2 cells. Few polymorphonu- 
clcars. Lipochrome inconspicuous. 

X-334. Li\xr cirrhosis — syphilis — alcoholism — cerebral hemorrhage — ^2 vrt. 
Liver — autopsy* weight 2450 gm. — labomtory specimen 2340 gm. 

Histological spccimc.n— liver presents the usiial picture of a diniiFe cirrhorLs. The 
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Histological specimen — the liver cells in general stain well and contain a finely 
granular 3 ’‘ellow pigment which in part gives a positive stain for iron. This pig- 
ment is more conspicuous in tlie central part of the lobules. In a few lobules are 
noted small central necroses. The Kupflfer cells show very little pigment, 

X-2479. Pernicious anemia — ^pyelonephritis — no information about liver therapy 
— 75 yrs. 

Liver — autopsy weight 1500 gm. — laboratory specimen 1350 gm. 

Histological specimen — central necroses are conspicuous and occupy perhaps 1/5 
of tlie liver lobule. The liver cells in the peripheral 1/2 of the lobule are normal. 
There is abundant fine granular yellow pigment giving a strong iron stain in these 
liver cells. Kupffer cells contain no pigment. 

A-1472. Pernicious anemia — subdural hemorrhage — ^hemoglobin 30-40 per cent — 
68 yrs. 

Liver — autopsy weight 1260 gm. — laboratory specimen 1100 gm. 

Histological specimen — liver cells almost normal. There is some finely granular 
yellow pigment but yery little of this gives a stain for iron. Kupffer cells contain 
fine pigment granules which stain sharply for iron. This case had liver extract 
for 10 days \vith the usual blood improvement and this explains some of the pig- 
ment lack in liver and kidney. 

A-425. Pernicious anemia — senility — hemoglobin 30 per cent — 78 yrs. 

Patient in Hospital May 25, 1927 — hemoglobin 25 per cent — and improved on 
treatment. Left Hospital August 12, 1927 — ^hemoglobin 65 per cent. Read- 
mitted in moribund state and died in 24 hrs. — no tlierapy for over 1 mo. 

Liver — laboratory specimen 1050 gm. 

Histological specimen — Oliver cells in general normal. Few large fat droplets in 
periportal liver cells, some atroph}^ lipochrome moderate. Kupffer cells numerous 
and full of iron-containing pigment. 

A-1122. Pernicious anemia — ^hemoglobin 30-80 per cent — ^pulmonary emboli — 
75 yrs. 

Liver — autopsy weight 1000 gm. — laboratoiy specimen 930 gm. 

Histological specimen — liver cells in general arc normal except for fine granular 
yellow pigment in their protoplasm. Kupffer cells show similar pigment grains 
in small amount. Some of this pigment gives a stain for iron. A few liver cells 
show fat droplets. This case had been benefited by liver therapy and at death 
the hemoglobin was SO per cent. 

A-1173. Pernicious anemia — hemoglobin 25 per cent — bronchopneumonia — ^no 
liver thcrap\' during last 6 months of life — 24 hrs, in hospital — 74 3 'rs. 

Liver — hborator>’ specimen 1130 gm. 
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A-205. Liver cirrhosis (slight)— organizing pneumonia— 43 yrs. 

Liver — autopsy weight 2540 gm. — laborator}^ specimen 2050 gm. 

Histological specimen— moderate to sUght portal fibrosis, few new bile ducts. 
Good deal of fat in central 3/5 of lobule, some degeneration with lipochrome 
pigment deposit in liver cells. 

A-730. Liver cirrhosis (slight) — ^pneumonia lobar — 46 yrs. 

Liver — autopsy weight 1500 gm. — ^laborator>" specimen 1400 gm. 

Histological specimen — slight annular fibrosis with no new bile duct proliferation. 
Many mononuclears, slight lobule distortion, little lipochrome. Liver paren- 
ch>Tna looks normal but for little fat. Occasional tiny hj-aline necroses. 

A-1024. Liver cirrhosis — icterus — carcinoma pancreas — 53 yrs. 

Liver — autopsy weight 1550 gm. — laboratory specimen 1500 gm. 

Histological specimen — there is moderate portal cirrhosis and duct proliferation. 
The liver cells are well preserved and approximate a normal appearance. There 
are no necroses. Bile canaliculi often contain 3 ’'ell ow colloid. Pigment is abund- 
ant in hepatic epithelium and Kupffer cells. 

Table 24 shows a considerable variety of liver cirrhosis and hepatitis 
without any evidence of hepatic insufficiency. These cases died from 
terminal infections, hemorrhage or alcoholism and presented more or 
less severe passive congestion of the abdominal viscera with all grades 
of icterus. It is ob\dous from a glance at Table 24 that the con- 
centration of the hemoglobin production factors is not abnormal in 
these liver specimens. There are considerable individual variations 
but from the average of 164 per cent we see the low values rarely below 
100 per cent and the high values rarely above 200 per cent. 

Case A-1114, Table 24, presents the lowest value for the hemo- 
globin production factors and there are some points which indicate a 
possible hepatic insufficiency (see Table 25). A-1114 showed bleeding 
into the intestinal tract and bod^" tissues but a normal fibrinogen. 
The liver cells did not appear seriously abnormal histologicalh% It 
seemed safest to place this case in the group of cirrhoses without con- 
vincing evidence of severe liver injuiy^ and insufiicicnc}*. 

The iron anah^scs show an average value which is a trifle below the 
normal averages. The lowest values appear in association vrith 
sccondaiy anemia — compare Table 33 (Paper III). 

Icterus was present in varying degrees in this group of cases and 
wc see no reason to suspect tliat bile pigment stasis influences the con- 
centration of hemoglobin producing factors in the liver cells. 
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A.-371 show an average of 33 mg. per cent or about 3 times normal and 
the liver values for hemoglobin production factors are high. The 
lowest value in hemoglobin production factors appears in Case 
X-2479 (Table 31) which was complicated by a pyelonephritis which 
caused death. It is probable that this acute condition would reduce 
somewhat the content of hemoglobin producing factors in the liver — 
compare Tables 3 and 4 (Paper I). 

In a comparative study of the cases in Table 31 we must keep in 
mind that all these cases show senile atrophy and the normal mean 
for this type of case is given in Table 2 (Paper I) as 117 per cent which 
contrasts with 218 per cent in Table 31. If we exclude the unusual 
figure in the first case, the average value for hemoglobin producing 
factors is 182 per cent. Even if we choose to explain some of this 
difference in potency on the basis of the contained iron we have an 
excess coming from unknown factors stored within the liver par- 
ench 3 ana cells. We assmne that this excess represents building stones 
which are suitable for hemoglobin construction in the normal body 
but have no outlet in primary anemia. 

Table 32. Diagnosis and histological description of liver. 

A-376. Aplastic anemia — many transfusions — bleeding — ^30 yrs. 

Liver — laboratory specimen 1750 gm. 

Histological specimen — swollen liver cells, some central liver cells are injured, few 
necroses. Portal liver cells full of yellow pigment. Few Kupffer cells show pig- 
ment. Both liver cells and Kupffer cells show iron-containing pigment. 

A-15S5. Aplastic anemia— purpura — transfusions— hemoglobin 40-60 per cent — 
57 yrs. 

Liver — autopsy weight 1490 gm. — laboratory specimen 1300 gm. 

Histological specimen — liver cells show many large and small fat droplets. They 
contain much yellow granular pigment much of which gives a stain for iron. 
Kupffer cells are large and contain iron staining pigment (transfusions). Bile 
ducts and stroma normal. 

A-924. Aplastic anemia — hemoglobin 20 per cent — 40 yrs. 

Liver — laborator>’ specimen 1640 gm. 

Histological specimen — the liver cells in general are normal and contain a little 
lipochrome pigment. There are scattered small central necroses. A moderate 
degree of fat deposit in liver cells in the mid zone is noted. No iron staining 
pigment found. 
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in phagoc 5 "tes in the stroma. Pigment is seen in the epithelium of the nevr formed 
bile ducts. T^Iononuclears and polymorphonuclears are abimdant in all parts of 
the section. This liver appears insufficient yet the blood fibrinogen was normaL 
The pigment in phagocytes gives an iron stain — only a part of the pigment in 
hepatic epithelium gives an iron stain. 

A-976. Liver cirrhosis — alcoholism — s 3 T)hiiis— hemoglobin 100 per cent — 11 >ts. 
Liver-autopsy weight 800 gm. — ^laborator>" specimen 700 gm. 

Histological specimen — a coarse aimular cirrhosis of moderate grade. The stroma 
between lobules is dense and filled with mononuclear cells and bile duct sprouts. 
Much liver parench>TrLa appears but slightly injured but there is much fatty 
degeneration and occasional focal necroses. The fibrinogen was subnormal (0.21 
per cent) so that the liver was probably functionally subnormal. 

A-709. Liver cirrhosis with fat — alcoholism — ^icterus — syphilis — soft blood clots 
— ^hemoglobin 92 per cent — 54 yrs. 

Liver — autopsy weight 5280 gm. — ^laboratory specimen 3500 gm. 

Histological specimen — moderate annular portal fibrosis with some bile duct pro- 
liferation and scanty mononuclears. Pigment abimdant in some cells; bile canalic- 
uli are distended with colloid. Liver cells much injured, great amounts of fat. 
Some central necroses, many focal necroses. Hepatic insufficiency? The blood 
clots in this case were quite soft, 

A-27-28. Liver cirrhosis — ascites — bronchopneumonia — i6 yrs. 

Liver — autopsy weight 1530 gm. — ^laboratory specimen 1460 gm. 

Histological specimen — more than 1/2 of section is new bile ducts and scar tissue. 
Much icterus. Llany leucocytes. Islands of liver parencb>Tna make up less 
than 1/2 of the section. Aluch necrosis of remaining liver cells. Hepatic in- 
sufficiency? 

X-293. Liver cirrhosis and icterus. 

Liver — autopsy weight 840 gra. — laboratoiy' specimen 825 gm. 

Histological specimen — portal fibrosis and duct regeneration conspicuous, possibly 
3/5 of liver parench}Tna in fair condition but for icteric casts in bile canaliculL 
Leucocytes and poUTnorphonuclears in portal stroma. 

A-S21. Liver cirrhosis (hob-nail) — ascites — icterus — bronchopneumonia — hemo- 
globin 40 per cent — 81 >ts. 

Liver — autopsy weight 1060 gm. — ^laboratoiy’ specimen 990 gm. 

Histological specimen — moderate portal fibrosis witli many mononuclears; here 
too black granubr pigment in phagoc>-tcs (malarial or coal). Iron stain negative 
in all cells. Some deformity of liver lobules, much of section shov.*s h\pcrtroph:cd 
liver lobules ivith good epithelium, some granular degeneration and post mortem 
change. Giant nuclei, much lipochromc. 
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Liver — autopsy weight 1300 gm. — ^laboratory specimen 1030 gm. 

Histological specimen — ^necrosis of central t3T)e involving 1 /S or less of liver paren- 
chyma. Fat droplets numerous in mid zone. The liver cells in the peripheral 
half of lobules appear normal. Lipochrome pigment scanty. 

A-1333. Anemia secondary to bladder carcinoma — ^hemoglobin 15 per cent — 51 

JTS. 

Liver — autopsy weight 1220 gm. — laboratorj'- specimen 1030 gm. 

Histological specimen — Oliver cells in general normal — no pigment seen. Fatty 
degeneration is found in the centers of lobules. The portal tissue is increased and 
filled TOth mononuclears. The casts in some of the bile canaliculi are very dark 
and of some duration, probabty related to the cholelithiasis and an earlier cholan- 
gitis. 

A-1461. Anemia secondary to cancer of stomach — cirrhosis — ^hemoglobin 40 per 
cent — 47 yrs. 

Liver — autopsy weight 1800 gm. — ^laboratory specimen 1700 gm. 

Histological specimen — liver lobules are relatively normal and hepatic epithelium 
not disturbed and practically normal but for some fatty degeneration. An annular 
type of portal cirrhosis is observed but the connective tissue is not dense and the 
distortion but slight. This scar tissue contains many mononuclears but few bile 
duct sprouts. No pigment is observed anjnvhere. 

A-1971. Anemia secondary to carcinoma of stomach — ^hemoglobin 50 per cent — 
64 jTS. 

Liver — autopsy weight 1200 gm. — laboratory'' specimen 1175 gm. 

Histological specimen — sliver cells in peripheral half of lobule show large fat vac- 
uoles. Liver cells in center of lobule normal. Lipochrome scanty. Portal 
tissue slightly increased and infiltrated with mononuclears. 

A-1375. Anemia secondary to carcinoma of stomach — 60 yrs. 

Liver — autopsy weight 1750 gm. — laboratory specimen 1600 gm. 

Histological specimen — the liver cells are practically normal e.xcept for rather 
abundant lipochrome pigment. Kupfifer cells normal. 

A-1372. Anemia secondary' to carcinoma of kidney — hemoglobin 50 per cent — 
57 yrs. 

Lh'er — autopsy weight 2160 gm. — laboratory' specimen 2100 gm. 

Histological specimen — liver lobules show central congestion and cell atrophy 
with abundant lipochrome pigment. Marginal half of lobules essentially normal. 

.'\-10Sl. Anemia secondary to hypernephroma — hemoglobin 50 per cent — 60 y'rs. 
Liver— autopsy weight IS50 gm. — laboratory specimen 1540 gm. 

Histological specimen — practically normal hepatic epithelium. Lipochrome pig- 
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Cases of severe liver injury with, anemia give the lowest values by 
biological assay. The concentration of hemoglobin producing factors 
may be less than one-fourth of normal. This m\dtes speculation. We 
may say that anemia alone does not appreciably reduce these hemo- 
globin production factors (Table 33, Paper m) . It ma}- be argued that 
the anemia is due to infections or tissue or intestinal bleeding some 
time before death. This may in fact explain much of the anemia but 
we woidd suggest that a factor may be introduced relating to liver 
fimction. There is some evidence to indicate that the liver partici- 
pates in active fashion in the preparation of parent substances for 
hemoglobin production. Given a serious liver dysfunction in these 
cases we have another cause for the anemia. 

SUMMARY 

Biological assay of human liver material shows various concentra- 
tions of hemoglobin producing material in various diseased states. 

Cardiac congestion with red atrophy of the liver shows values (Table 
21) somewhat below the human normal — 9-1 per cent compared to 
162 per cent. It is probable that this is due to atrophy and destruc- 
tion of the liver cells in the centers of the liver lobules, ^^’'e believe 
the remaining liver cells have a normal content of hemoglobin pro- 
ducing factors. 

Amyloid (tuberculosis) and fatty (alcoholic) degeneration show 
(Table 22) subnormal values — 111 per cent compared to 162 per cent. 
If we allow for the ‘‘dilution” of liver cell weight by the amyloid and 
fat we observ'e normal values for the concentration of hemoglobin 
producing factors. 

Carcinoma growth in the liver vrhether primaiy or secondaiy shows 
net figures (Table 23) which are low — 75 per cent compared to normal 
162 per cent. It appears that cancer tissue, even tumor cells origi- 
nating from hepatic epithelium, contains no hemoglobin producing 
factors. If we allow for the “dilution” of the remaining liver cells by 
the cancer tissue the figures are vithin normal limits. 

Cirrhosis and hepatitis (Table 24) ^rith no signs of true hepatic 
insufficiency or severe hepatic injuiy but death super\'ening from 
secondary- infection or hemorrhage vill give average normal values 
—164 per cent compared to normal human of 162 per cent. Icterus 
is not a factor. 



le 33 shows 9 cases of severe secondary anemia due to loss of 
and one case due to blood destruction within the body. Bio- 
assay of the hemoglobin production factors in these 10 cases 
low normal values (135 per cent) and if we exclude the single 
f hemolytic anemia, the average for the 9 cases of anemia due 
of blood from the body is 126 per cent. This shows how tena- 
r the liver cell holds to these hemoglobin production factors 
1 the face of a long continued severe anemia due to loss of blood. 
:ontrast the iron analyses show that the normal iron store is 
erably reduced by this type of anemia. The normal iron value 
g. per cent) contrasts with 5.3 mg. per cent, the average for 9 
of secondary anemia (Table 33) due to loss of blood. These 
5 are not quite accurate because of blood contained in the capil- 
and do not measure accurately the iron contained within the 
ells. They are in general accord with accurate figures obtained 
)lood free liver tissue in dogs (1) which show that about 10 weeks 
ere anemia due to bleeding will reduce liver parench 3 mia iron 
irreducible minimum of 4-5 mg. per cent. 

: case of hemolytic anemia due to rheumatism — ^A-1618, Table 
s expected shows a high figure for iron (23 mg. per cent) and for 
:ontent of hemoglobin producing factors 217 per cent. The red 
^•ere destroyed within the body and this salvaged material stored 
t in the liver. 

le 34. Diagnosis and histological description of liver. 

K Acute leukemia — hemoglobin 80 to 35 per cent 3 wks. — 46 yrs. 

-autopsy weight 1510 gm. — laboratorj' specimen 1320 gm. 
jgical specimen — liver sections show typical leukemic infiltration. Liver 
low some atrophy and a few small fat droplets — also some lipochrome pig- 
Kupffer cells are large but show no pigment. No iron staining pigment 
ed. 

Acute leukemia — hemoglobin 30-40 per cent — terminal bronchopneu- 
— 56 yrs. 

-autopsy weight 1950 gm. — laboratory specimen 1675 gm. 
ogical specimen — much degeneration of liver cells which are very granular 
vollen. Small fat droplets numerous. Central atrophy plus lipochrome. 
scattered large hyaline necroses of liver parenchyma. 
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The various anemias and leukemias vrith consequent anemia present 
material of especial interest for a study of this character. Biological 
assay of this human liver material shows high values for primary and 
aplastic anemias but low normal values for the secondary’' anemias due 
to loss of blood as well as for leukemias. A number of interesting 
points emerge from a study of this material and call for discussion. 

Pernicious anemia at the present time is being subjected to intensive 
scrutiny by the physiologist, chemist and clinician and considerable 
progress is being made toward a more complete understanding of this 
disease. The findings tabulated below will be surprising or not, 
depending upon the conception which the reader may hold relating 
to the pathogenesis of pernicious anemia. On the basis of anatomical 
findings it vras suggested (3) more than 10 years ago that pernicious 
anemia could be explained best as due to some lack of unknovm mate- 
rial which might be responsible for red cell stroma production. It was 
pointed out that every^s’here there was a large excess of pigment mate- 
rial in the red cells, bod}^ fluids and tissues, but this pigment material 
could not be used because of this lack of some essential factor. At the 
time this suggestion was made, the general belief in some unknown 
toxic substance responsible for the anemia was almost universal. 

The tabulated data (Table 31) below give support to this h\*po thesis 
and show a definite excess of hemoglobin building factors stored in the 
liver in pernicious anemia in spite of the fact that death may be due 
to lack of red cells and hemoglobin. Surely there is a maximal 
stimulus for the production of red cells and hemoglobin but some 
essential keystone is missing and the other building stones cannot be 
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A-S??. Acute leukemia — ^hemoglobin 70 per cent — 90,000-150,000 white blood 
blood cells — 56 yrs. 

Liver — ^laboratory specimen 2650 gm. 

Histological specimen — liver cells swollen, very little fat, central liver cells show 
much yellow pigment (lipochrome). No iron staining granules. Lymphocytes 
abundant especially about the portal tissue. Kupffer cells large and some show 
little pigment but red blood cell and white blood cell inclusions. 

A-1963. Acute m3^eIoid leukemia — 15 per cent hemoglobin — 48 yrs. 

Liver — autopsy weight 1750 gm. — laboratory specimen 1560 gm. 

Histological specimen — Oliver lobules contain many white cells in the capillaries 
and in the periportal stroma but there is no conspicuous infiltration. There are 
scattered small hyaline necroses. The liver cells contain some fat droplets and 
lipochrome pigment. Kupffer cells are large and contain some yellow granular 
pigment which stains for iron. Fine pigment grains in the liver cells also give a 
stain for iron. 

A-1349. Leukemia — myeloid — ^hemoglobin 35 per cent — 65 yrs. 

Liver — ^autopsy weight 1775 gm. — laboratory specimen 1550 gm. 

Histological specimen — central hyaline necrosis is conspicuous and possibly in- 
volves 1/10 of the liver cells. Cell infiltration of the lobules is not conspicuous. 
Pigment within tlie liver cells is abimdant; that in the center of the lobules gives no 
iron stain (lipochrome) but some pigment grains in the periphery of the lobules 
do give a faint iron stain. Kupffer cells are conspicuous and some contain pigment 
which gives no iron stain. 

A-316. Myeloid leukemia — hemoglobin 60 per cent down to 40 per cent — bleed- 
ing— 71 yis. 

Liver — laborator}^ specimen 1980 gm. 

Histological specimen — great numbers of myelocytes ever^^where, perhaps making 
up 1/4 of tlie tissue or more. Liver cells are granular and rich in pigment which 
gives a strong stain for iron. No fat droplets. Kupffer cells not conspicuous and 
contain no pigment. 

A-182S. Leukemia chronic l>Tnphoid — hemoglobin 30 per cent — 59 yrs. 

Liver — autopsy weight 2700 gm. — laborator}" specimen 2480 gm. 

Histological specimen — there is only a slight leukemic infiltration of the portal 
tissue and liver lobules. There is abundant lipochrome pigment in the liver cells 
especially in the central part of the lobule. Kupffer cells show no pigment. 

A-1943. Chronic lymphatic leukemia — hemoglobin 55 per cent — 66 yrs. 

Liver — autopsy weight 3360 gm, — laboratorj' specimen 3180 gm. 

Histological specimen — the liver lobules show extreme infiltration with I^mpho- 
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of white cells and its function probably impaired. Biological assay 
shows that the leukemic liver and the liver of secondary anemia stand 
about on a par, estimated per gram gross liver weight. There is no 
evidence that these abnormal white cells which infiltrate the leukemic 
liver and increase its weight contribute any conspicuous amount of 
hemoglobin producing factors. If we say that these white cells 
^^dilute'' the potency of the liver cells, the figures for the leukemic liver 
potency would rise to normal. 

The iron analyses deserve particiilar attention. The cases of 
secondary anemia due to bleeding show very low values (5.3 mg. 
per cent) as is to be expected and this is in harmony with the experi- 
ments in animals recently reported (1). Leukemia shows about the 
normal iron content but if we allow for the large size of the liver the 
actual liver parenchyma may contain a little more iron than the normal 
human control. The iron anal 3 '^ses for primary and aplastic anemias 
are very high (5-10 times normal) and we maj’' believe this is a storage 
of material of use for hemoglobin construction but in these diseases 
there is no outlet for this material in normal hemoglobin production. 
The figures are higher in aplastic anemia than in primary anemia which 
is evidence against hemoglobin destruction being a large factor in 
primary anemia. The iron concentration in pernicious anemia drops 
rapidly with specific liver therapy. 

Table 31. Diagnosis and histological description of liver. 

A-371. Pernicious anemia — topical — ^hemoglobin 15-20 per cent — 77 3 ts. 

Liver — autopsy weight 1050 gm. — laborator>' specimen 900 gm. 

Histological specimen — tj-pical untreated pernicious anemia — ^>'cllow pigment vcr>' 
abundant in lUttr cells and Kupffer cells (much of this pigment contains iron). A 
little liver cell atrophy, no fat, slight portal fibrosis. 

A-1800, Pernicious anemia relapse — ^hemoglobin 20 per cent — 60 >ts. 

Liver — autopsy weight 1850 gm. — laboratoiy' specimen 1760 gm. 

Histological specimen— autopsy t\T)ical of pernicious anernLa wathout liver treat- 
ment. Liver shows the usual pigment in gross and histologicallv. Iron staining 
pigment is abundant in the liver cells and also Kupflcr cells. Xo liver necroses. 

A- 1045. Pernicious anemia — hemoglobin 30 per cent — pneumonia — during last 
3 months had been taking liver irrcgularh* — 51 jts. 

Liver— autops.v weight 2150 gm. — hborator/ 5pedm.cn 1920 gm. 
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nmnbers of parent or undifferentiated cells in the blood, marrow and 
viscera. Two cases of chronic lymphoid leukemia show low values by 
biological assay (57 and 84 per cent). We have no explanation for 
these low figures. 

The anemia in leukemia would seem to depend upon marrow insuffi- 
ciency due to encroachment of the white cells on the red cell chain. 
There is little or no evidence for blood destruction as the iron analyses 
are close to normal. 

Table 35. Diagnosis and histological description of liver. 

A-1367. Familial anemia (Coole}'-) — siderosis of viscera — hemoglobin 50 per 
cent — 5 yrs. 

Liver — autopsy weight 860 gm. — laborator}’^ specimen 740 gm. 

Histological specimen — the liver cells show large deposits of iron staining pigment. 
Kupffer cells contain much pigment and some stains for iron. The liver cells are 
relatively normal but for the pigment. There is a little central fatty degeneration. 

A-1819. Hemochromatosis — cancer of stomach — hemoglobin 78 per cent — 57 
yrs. 

Liver — autopsy weight 2170 gm. — laborator}'’ specimen 1980 gm. 

Histological specimen — tj'pical picture of moderately advanced case of hemochro- 
matosis with annular cirrhosis. There is little new bile duct proliferation. Iron 
staining pigment is abundant in liver epithelium and especialty in phagocytes in 
stroma about the portal areas. Kupffer cells are rich in the same pigment. There 
are calcium deposits in portal stroma. 

A-526. Peculiar leukemia with marrow aplasia — liver pigment rich in iron — 44 
yrs. 

Red blood cells 640,000; white blood cells 1600; hemoglobin 10 per cent. Differen- 
tial SO per cent lymphoc^'tes. Platelets numerous. 

Liver — laborator}’ specimen 2150 gm. 

Histological specimen — central necroses involve about l/4~l/3 of liver lobules. 
Many mononuclears here, iluch pigment in liver cells and some gives an iron 
stain. A little fat in mid zone. 

A-17S5. Meningitis— late chloroform poisoning with e.xtrcme liver injury causing 
death — 12 yrs. 

Liver— autopsy weight 1560 gm. — laborator}' specimen 1460 gra. 

Histological specimen — liver sections show not a single normal liver cell. There 
is much necrosis of the central liver cells but remaining liver cells may show a pale 
nucleus and a mass of fat droplets replacing the protoplasm. T\pical picture of 
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Histological specimen — Oliver cells in general are nonnaL There is abundant lipo- 
chrome pigment but no iron staining pigment idthin the liver epithelium. There 
is iron staining pigment in the Kupffer cells. This lack of pigment is probably 
due to preceding liver therapy and blood improvement 10 mos, before death. 

Table 31 contains 8 cases of primary pernicious anemia in which 
various amounts of liver therapy had been given during life. The 
first case (A-371) is of especial significance as this man had had no liver 
therapy at any time and presented the classical picture of pernicious 
anemia which is very rarely seen today. The iron analyses show 
maximal figures (162 mg. per cent) as does the biological assay for liver 


TABLE 31 

Hemoglobin Proditctioii Factors in Abnormal Human Liver 
PcriiicioiLS Ariemia 


Number 

Cause of dealt 

Iron content human 
liver 

Liver intake per 
day 

Hemoglobin output per 

7 daj*s feeding 

fresh 

tissue 

daily 

intake 

Human 

(Zontrol 

from 

Human 

from 

Con- 

trol 

ratio 

Human to 
Control 



rr.[.per ceni 

nr. 

gm. 

gm. 

gm. 

gm. 

per cerj 

A-371 

No therapy 

162.0 

208 

129 

300 

63 

35 

420 

A-I800 

No therapy 

36.7 

92 

250 

300 

97 

74 

157 

A-1045 

SI. therapy 

47.3 

130 

290 

300 

112 

56 

208 

X-2479 

Ncpliritis 

36.5 

70 

190 

105 

56 

30 

104 

A-1472 

SL therapy 

17.5 

27 

158 

300 

52 

50 

200 

A425 

SI. therapy 

34.8 

52 

150 

300 

45 

34 

265 

A-n22 

Embolism 

24.6 

33 

130 1 

300 

25 

30 

192 

A-U73 

No therapy 

— 

— 

160 1 

300 

37 

46 

148 

Average 

51.3 

87 

182 1 




21S 


potency (420 per cent) and this great excess of iron is a factor in this 
high figure for hemoglobin production. In the various tables given 
in these papers, a biological assay for liver potency” above 300 per cent 
is unusual and figures above 400 per cent have been observed only 
t\sncc — one case of thjTotoxicosis (Table 4, Paper I) and this case 
of primarj” anemia. 

No liver therapy in the final relapse is recorded in 2 other cases 
(A-ISOO and .A.- 11 73). In these cases liver therapy had been given in 
earlier periods but not during the last few vreclis or months preceding 
death from a relapse. The liver ann.h'ses for iron exclusive of Case 
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daily iron intake and half the hemoglobin output. Here is a conspicu- 
ous dissociation of the iron factors and the hemoglobin production 
factors in two livers which have many similarities. 

The third case (A-526) presented diagnostic difficulties. At first it 
was classed as a chronic lymphatic leukemia of atypical type but sub- 
sequently there was evidence of marrow aplasia which was confirmed 
at autopsy. The biological assay of hemoglobin producing factors 
(65 per cent) would put it in the group of chronic leukemias whereas 
the iron analyses (68 mg. per cent) suggest aplastic anemia. We pre- 
fer not to attempt to classify this case at the present time. 

Chloroform poisoning (4th case, A-1785) is unusual in many ways. 
We expected a very low value for the hemoglobin producing factors as 
the patient died from chloroform injury of liver with low fibrinogen, 
bleeding and all the essential features of this condition. Moreover 
the liver shows histological injury of extreme grade. Yet there is 
abundant material in the abnormal liver tissue from which the normal 
amount of hemoglobin is produced (159 per cent). It is suggested 
that these unknown factors remain even in these dead and injured 
cells as the process was acute and the injured cells have not yet auto- 
lyzed and been removed as follows repair in chloroform poisoning. 
The acuteness of the injury differentiates this type of case from the 
other type of hepatic insufficiency and liver injury given in Table 
25 (Paper II). 

Eclampsia presents an unusual observation (A-62, Table 35). Only 
one other case (Table 21, Paper II) with severe passive congestion gives 
zero value for hemoglobin production factors. We cannot correlate 
these two observations but subsequent findings in eclampsia would be 
of interest. 

The last case (A-1261, Table 35) is of considerable interest because 
it suggests that lactation may reduce the store of hemoglobin produc- 
ing factors in the normal liver. There is some evidence that material 
which can be used to build hemoglobin in an emergency (anemia) may 
be used to build up and replace plasma protein or tissue protein when 
needed. The production of milk protein might come into this same 
group. Wc have long suspected that it might be possible to show 
experimentally that building materials coming to the liver might be 
used for one important product (hemoglobin) at one time and again for 
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A-188. Aplastic anemia — terminal infection — }ts. 

Liver — autopsy weight 910 gm. — ^laboratorj’ specimen 900 gm. 

Histological specimen— liver cells normal. Lipochrome in liver cells. Large 
Kupffer cells are numerous and some contain iron staining pigment. 

Table 32 shows 4 typical cases of aplastic anemia. Many trans- 
fusions had been given in the first 2 cases and this may explain in part 
the very high values for iron (78 and 105 mg. per cent). These high 
iron values will explain a part of the large excess of hemoglobin pro- 
duction observed in these cases. Moreover we should remember that 
this group represents a lower age period and consequently the normal 
base line should be 160 per cent (compare Table 1) for accurate control. 
WTien we make these allowances the aplastic anemias are not as much 


TABLE 32 
Aplastic AncTTiia 


Number 

C 2 Use of de^ith 

Iron central biunno 
liver 

Liver intake per 
day 

Hemoglobin output per 

7 days feeding 

fresh 

tissue 

daily 

intahe 

TTtTman 

Control 

from 

Human 

from 

Control 

ratio 

Human to 
Control 



ng.per cent 

nz. 

tn. 

zn. 

frt. 

f«. 

per Ctrl* 

A-376 

Bleeding 


196 

250 

300 

46 

33 

164 

A.1555 

Bleeding 


195 

185 

300 

98 

72 

213 

A-924 

Anemia 

26.8 

63 

230 

300 

5S 

44 

171 

A-188 

Infection 

— 

— 1 

120 

225 

43 

30 

269 

Average, 

69.9 

151 

196 


1 

i 

1 


201 


above normal by biological assay of the hemoglobin producing factors 
as is true for pernicious anemia. It ma}’’ be argued that aplastic 
anemia docs not last as long as primary anemia and that the liver 
therefore does not accumulate as large a surplus store as is true for 
pernicious anemia. In both cases there is no outlet for this hemo- 
globin production material — in primaiy* anemia due to deficicnc}' fac- 
tors and in aplastic anemia due to lack of red marrow parent cclls. 

Tablc 33. D:ap:osis and hisict epical drscripthr, of 

.A-969. .Anemia, sccondan* to carcinoma of cervix with bleeding— hemoglobin 
25 per cent — 43 yrs. 
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ment is fairly abundant, particularly in the central portion of the lobules. Kupffer 
cells show no pigment. 

A-1192. Anemia secondary to carcinoma of prostate — ^hemoglobin 40 per cent — 
uremia — 68 yrs. 

Liver — autopsy weight 1680 gm. — ^laborator>’ specimen 1650 gm. 

Histological specimen — liver cells in general are normal. Lipochrome pigment 
noted in center of lobides where also liver cells show a few fat droplets. Kupffer 
cells normal. 

A-1625. Anemia secondar>^ to gastric carcinoma — ^hemoglobin 58 per cent — 
61 yrs. 

Liver — autopsy weight 1550 gm. — laboratory specimen 1480 gm. 

TABLE 33 


Secojidary Anemia 




Iron content 
human liver 

Liver intake per 
day 

Hcmoslobin output per 

7 daj*s feeding 

Number 

Cause of death 

fresh 

tissue 

daily 
; intake 

1 

Human 

Control 

from 

Human 

from 

Control 

ratio 

Human 

to 

Control 



ms. 

per cent 

rt;. 

! in. 

1 



rrz. 

prr cfrj 

A-969 

Ca. cervdx 

2.9 

4 

mm 

300 


52 

100 

A-1333 

Ca. bladder 

3.3 

5 

■a 

300 


52 

140 

A-1461 

Ca. stomach 

4.0 

10 

240 

300 

30 

38 

100 

A-1971 

Ca. stomach ! 

4.6 

8 

167 

300 

46 

58 

144 

A.1375 

Ca. stomach 

2.8 

6 

225 

300 

23 

45 

68 

A4372 

Ca. kidney 

7.7 

23 

300 

300 ! 


35 

152 

A-lOSl 

Hj'pcm ephro ma 

-- 

— 


300 


35 

200 

A.1192 

Ca. prostate 

10.6 

25 


300 

22 1 

30 

100 

.\-1625 

Ca. stomach 

6.7 

14 

210 

300 ! 

mm 

49 

129 

.\-1618 

Endocarditis 

23.2 ! 

29 

125 

300 ! 

B 


217 

Average 


14 

HHli 

B 

HDQI 


Histological specimen — liver lobules show a central hj-alinc necrosis in vo Kang 
perhaps 10-20 per cent of the hepatic epithelium. Liver cells elsewhere shov/ a 
little fat and lipochrome pigmenL Kupffer cells, stroma and bile ducts normal. 

A-161S. Subacute rheumatic endocarditis — hemoglobin 35 per cent — 34 yrs. 
Liver — autopsy weight 900 gm. — laboratory* specimen SSO gm. 

Histological specimen — liver cells show atrophy and many fat droplets but very 
little pigment. Kupffer cells show large am.ounts of pigm.cr.l and arc greatly 
cnb.rgcd. This pigment gives hca%y stain for iron. The 5 troni.a and bile ducts 
normal, .'\ncmia due to red blood cell destruction in bodv, not loss of hemoglobin 
from body. 
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EEFECT or DIGESTION PRODUCTS ON MONOCYTES 


boiling tlae en 23 Tnatic digest with hydrochloric acid under a reflux. The enz^^matic 
digests and the autolysates were boiled at pH 7.0 to destroy tlie enzymes and to 
remove the chloroform which was used as a preservative during incubation. They 
were then adjusted to pH 7.4, made isotonic, and diluted to a nitrogen content of 
0.24 per cent. Immediatelj^ before use, they were again diluted witli enough 
Tyrode solution to make the concentration of tlieir nitrogen in the culture medium 
0.06 to 0.003 per cent, according to tlie experiment. 

Their effect was tested on fresh chicken blood monocytes, and also on pure 
strains of monocytes from blood and from spleen. The effect of increasing degrees 
of hydrolysis of tlie protein was tested b}^ comparative experiments witli tlie 
peptic, tlie tr^Tptic, and tlie ereptic and tr 3 ^ptic digests of a given protein at equal 
nitrogen concentration. As a furtlier test, experiments were made TOtli tlie 
different digests in solutions containing tlie same amount of free amino nitrogen. 
As yet, no experiments have been undertaken witli isolated or purified constituents 
of the digests. 

The fresh blood monocytes were obtained from centrifuged blood. After remov- 
ing the plasma, tlie leucocyte layer was coagulated wutli a drop of dilute tissue 
juice. The disk of leucocytes was removed, washed in Ringer solution, and cut 
into tiny squares. Adjacent sections of tliis leucocyte film were used for compara- 
tive experiments. The experimental media consisted of a mixture of equal parts 
of plasma and digest. The controls were cultivated in equal parts of plasma and 
Tyrode solution. Wflien it was desired to test tlie digest combined witli serum or 
Tyrode solution instead of plasma, only half as much plasma was used in tlie 
original clot and after coagulation, tlic cultures were washed twice at 39®C, ivith 
tlic respective experimental and control media. hours were allowed for cacli 
washing. On tlic 2nd da}^, the cultures were patclied with a small quantity of the 
original medium and tlie ^Yashing w^as repeated. Fresh nutritive material w’as 
supplied ever}^ 2 or 3 days tlicreafter. Tliis w^as done by incubating the cultures 
for 2 hours with tlic new fluid, after w^hich tlie excess w^as drawm off. Diffusion 
bctw’cen the old and the new medium w'as sufiicient to w’ash aw^aj^ the WMste prod- 
ucts, neutralize tlie acid, and supply fresh nutritive material. Heparin 1:10,000 
w’as used in tlic plasma to maintain its fluidity. This method of washing w^as 
adopted so as not to change the concentration of plasma and scrum already con- 
tained in the coagulum. 

The rate of cell multiplication wms ascertained from tlic area of the colonics and 
the density of their cell population. The density w’as measured comparatively 
b\* examination of each culture under the microscope. A permanent record wms 
obtained by photographing the colonics from man}’ experiments. It is not possible 
by this means to measure small differences in the rates of multiplication, since the 
cells arc ameboid and migrate over a large area. The technique is sufiicicntly 
accurate, how’ever, for the purposes of these experiments. The differences ob- 
5cr\*cd bctw'ccn the control and experimental cultures in both area and density 
of cell population were so great as to prove beyond doubt that they have marked!}' 
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A-1383. Acute leukemia — ^hemoglobin 40 per cent — 61 yrs. 

Liver — autopsy vreight 3500 gm. — ^laborator>' specimen 3300 gm. 

Histological specimen — advanced leukemic infiltration of liver with white cells. 
Liver capillaries verj’’ rich in red cells. Liver cells show no pigment and a moder- 
ate grade of atrophy but in general are normal. 

A-i231. Acute leukemia — ^hemoglobin 50 to 20 per cent — transfusions — terminal 
infection — 13 >ts. 

Liver — autopsy weight 1470 gm. — ^laborator>" specimen 1420 gm. 

Histological specimen — liver shows the usual leukemic infiltration in portal tissue 
and between the liver strands. There are small central hyaline liver necroses. 
Some liver cells show fat droplets. Kupffer cells show a yellow granular pigment 
which only occasionally gives a positive iron stain. 

A-1956. Acute Ijmphatic leukemia — bleeding — transfusions — ^hemoglobin 67 per 
cent — 9 >TS. 

Liver — autopsy weight 1140 gm. — laborator}' specimen 1100 gm. 

Histological specimen — ^liver cells are normal. Wliite cells are very numerous in 
all liver capillaries and there is conspicuous infiltration of the periportal stroma. 
Ver>’' little pigment is found anj-where. Kupfier cells are large. Occasional 
pigment granules within the liver cells give a positive stain for iron. 

A-1688. Acute leukemia — ^hemoglobin 28 per cent — 3 \ts. 

Liver — autopsy weight 1020 gm. — laboratory- specimen 920 gm. 

Histological specimen — liver shows a tj-pical white cell infiltration especially 
marked about the portal spaces. The liver cells show some fat droplets in the 
central portion of the lobules. Otherwise normal. 

A-436. Acute leukemia — hemoglobin 60 per cent — 42 yrs. 

Liver — laboratory- specimen 2300 gm. 

Histological specimen — prcmyelocy-tes fill capillaries. No cosinophilcs. Central 
1/2 of liver lobules shows much fatty degeneration. Outer 1/2 of lobule normal. 
Kupfier cells large and often show yellow granular pigment. Lipochrome scarce. 
Kupfier cells full of iron-containing pigment; hepatic cells contain no iron staining 
material. 

A-385. /\cutc leukemia — hemoglobin 50 per cent — terminal infection — 33 yrs. 
Liver — laboratory- specimen 2300 gm. 

Histological specimen — central liver cells arc much injured with fine fat droplets 
and poor staining. Some focal areas of necrosis in mid zone, Kupfier cells large 
and phagocy-tic. Many myclobhsts. Outer half of liver lobule well p'c-^erved 
and normal. 
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growth with increased dilution (Text-fig. 4). In others, the area of 
the colonies did not vary with the concentration. It is probable, 
therefore, that the rate of proliferation is limited by the amount of 
some other necessary constituent in the medium. 



Text-Fig. 1. Experiment 4563 H. Comparison of area of colonies of fresh 
blood monocytes obtained in peptic digest of fibrin, trj’ptic digest of fibrin, and 
Tyrode solution. The coagulum was washed to remove the serum from the 
original clot. 

It is not possible to explain fully at the present time the part played 
by scrum or heparin plasma when combined with the digest. Serum 
and plasma are sufficient for maintenance of monocytes, but allow 
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cytes, most marked in the periportal tissue. The liver cells in general look normal 
but contain a few yellow pigment grains which stain for iron. Alost of this pigment 
is in the margin of the lobule. Kupfter cells are large but contain no pigment, 


A-77, Myelocytoma, subacute nephritis-hemoglobin 60 per cent — 53 \ts. 

Liver — ^laboratory specimen 1830 gm. 

Histological specimen — ^few focal liver necroses, little central fat. Lipochrome 
moderate in amount, stroma normal. Congestion marked. No tumor in liver. 

TABLE 34 


Leukemias 




Iron content 
human liver 

Liver intake per 
day 

Hemoglobin output per 

7 daj*s feeding 

Niunl^cr 

Cause of death 

fresh 

tissue 

daily 

intake 

Homan 

Control 

from 

Human 

from 

Con- 

trol 

ratio 

Human 

to 

Control 



rtg, 

per cent 

mg. 


gm. 

gm. 

gm. 

per cent 

A*1769 

Acute Leuk, 

11.4 


180 

PI 

48 


137 

A-476 

Acute Leuk. 

24.5 


225 

^1 

57 


139 

A-1383 

Acute Leuk. 

13.5 


470 

300 

118 

56 

134 

A4231 

Acute Leuk. 

10.9 

22 

200 

200 

61 

62 

98 

A4956 

Acute Leuk. 

9.4 

14 

157 

300 

45 

60 

87 

A46S8 

Acute Leuk. 

8.6 

11 

130 

300 

53 

72 

171 

AA36 

Acute Leuk. 

— 

— 

328 

300 

51 

43 

109 

A-385 

Acute Leuk. 

— 

— 

329 

300 

47 

34 

127 

A-377 

Acute Leuk. 

— 

*” 

379 

300 

87 

53 

130 

A4963 

Acute Leuk. 

19.2 

42 

220 

300 

84 

61 

187 

A-1349 

Myeloid Leuk. 

11.7 ! 

26 

220 ' 

300 

47 

35 

181 

A-316 

Myeloid Leuk. 

— 

— 

283 

225 

46 i 

30 

121 

A4828 

L>Tnphoid Leuk. 

3.6 

13 

350 

500 

59 

58 

57 

A-1943 

Lymphoid Leuk. 

16.4 

74 

450 

300 

101 

SI 

84 

A-77 

Myeloma. 

— 

— 

261 

300 

50 

43 

135 

Avcniirc 

12.9 

34 

279 




126 








Table 34 shows 15 cases of leukemia representing all U^pes of the 
disease. There is one case of myeloma which perhaps does not belong 
in this group but at least the biological assay of liver potency' falls 
close to the general average so that no harm is done. Biological assay 
of the hemoglobin producing factors shows a low normal figure (126 
per cent) which corresponds to the assay of cases of secondary' anemia 
(Table 33). The great majority of these aiscs are acute v.dlh large 
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✓ 


tnonoc5i;es, the presence of serum or plasma was as essential to the 
cultivation of the cells in tryptic and ereptic digests as to their culti- 
vation in the digests consisting mostly of proteoses. It is evident, 



Text-Fig. 3. Experiment 13261 D. Comparison of the areas of colonies of 
monocytes obtained in casein digests of equal concentration of nitrogen and varying 
degrees of hydrolysis. Heparin plasma was used with the digests. 


therefore, that for these cells the scrum pla)’s some other part than that 
of a proteolytic enz\Tne. Its action may be due to a respiratory 
hormone or substances nccessara* to the fat or carbohydrate metabo- 
lism of the cells. The antitr}"ptic actixity of the serum is undoubtedly 
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extreme chloroform injury. No blood clots at autops>' indicate a serious liver 
insufficiency. 

A-62. Eclampsia in last part of pregnancy (7 mos.). Child in utero at autopsy. 
25 yis. 

Liver — ^laboratory specimen 1725 gm. 

Histological specimen — typical hemorrhagic periportal necroses of eclampsia. 
Parenchyma ekewhere normal Possibly 1/5 of liver cells or less are injured. 

A-1261. Pulmonary embolism in normal puerperium — ^nursing — ^30 yrs. 

Liver— autops>' T^eight 1700 gm. — laboratory specimen 1450 gm. 

Histological specimen — liver in all respects normal 

TABLE 35 


Miscellaneous 




Irou coutent 
human liver 

j 

Lhrcr intake per 

1 <!.>• 

' Hetnoslobin output per 

1 7 days feedins 

Number 

Cause of death 

fresh 

tissue 

daily 

intahe 

Human 

[ 

Con- 

trol 

from 

Human 

from 

Con- 

trol 

ratio 

Human 

to 

Control 



rti. 

per cerj 

rsf. 

tn. 

rr:. 

gn. 

gn. 

per eeti 

A-1367 ! 

Thalasemia 

123.0 

130 


300 

68 


30S 

A-1819 

Hemochromatosis 

96.0 

271 


300 

03 


137 

A-526 

Marrow aplasia 

68 .0 

2QS 

300 1 

142 

52 


65 

A-1785 

Chloroform 

6.0 i 

13 

205 

300 

62 


159 

A-62 

Eclampsia 

— 

— 

150 

400 

0 

39 

0 

A-1261 

Embolism 

Lactation 

5.9 ' 

12 

200 

142 

18 

38 

33 


Table 35 contains cases of unusual interest which do not seem to fit 
in any of the tables given above. Each case deserves a special note. 

Thalasemia (A-1367) is a term which we have used to designate a 
peculiar familial anemia found in races about the Mediterranean first 
described adequately by Cooley and recently from this laboratory' (4). 
This disease presents some features resembling pernicious anemia and 
hemochromatosis. There arc large deposits of iron-containing pig- 
ments in the liver, pancreas, viscera and ductless glands. It is not 
surprising that there should be a high potency for hemoglobin pro<luc- 
tion in the liver assay — SOS per cent. One should hovrever contrast a 
typical case of hmwchromatosis (.\‘1S19) with more than twice the 
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did occur after a long time, when serum was used with the digests. 
This was not due to any difference in the antitryptic titre of plasma 
and serum. The antitryptic activity of serum and plasma taken from 
the same animal was tested by the Fuld-Gross®-® method. It was 
found to be the same originally, and to decrease at the same rate over a 
period of 17 days. 

Effect of the Digests on the Morphological Appearance of the Cells 

The effect of these proteolytic digests on the morphological appear- 
ance of the cells was marked. Blood monocytes cultivated in plasma 
change gradually from small round forms to slender elongated cells, 
richer in mitochondria and neutral red granules than those that are 
starved in Tyrode solution.^ The addition of proteolytic digests to the 
plasma medium caused an increase in the size of the cell and an increase 
in the number of cytoplasmic structures or granulations over that which 
they acquire in plasma (Fig. 2 a and h ) . The cells became loaded "uath 
neutral red granules and contained somewhat more fat than those in 
normal medium. The very granular condition does not indicate that 
the monocytes are degenerating. They appear more like cells that 
are abundantly fed or even overfed. They multiply rapidly and 
continue to live for a long time. They migrate, and are shown 
by cinematography to have actively undulating membranes. The 
appearance of the cells changes continuously during their sojourn in 
tliese media. During rapid proliferation, chains and brandling chains 
of cells are formed. After a considerable period of cultivation, they 
apparently anastomose and form groups of agglutinated cells over the 
entire medium (Fig. 3; see also Figs. 6 d, S b, 10 b, and 13). These 
agglutinated cells are still extraordinarily active. Cinematography 
shows that they are all in motion, pulling away from each other but 
apparently unable to puU themselves apart. Their membranes still 
undulate continuously. In some experiments, the whole medium 
between the cells was covered by these membranes, and every cell was 
joined to one or several other cells. In certain cultures, the interlock- 
ing of tlic monocytes was so great as to give the appearance of tissue 
formation. 

® Fuld, E., Arch. exp. Path. v. Pharmahol., 190S, 68, 468. 

* Gross, O., Arch. exp. Polk. u. Pharmahol., 1907, 67, 157 
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another difierent but related substance under different demand or 
emergency conditions. We hope to obtain further information about 
lactation and the storage of these potent hemoglobin producing factors 
in the liver. 

SUMilARY 

Biological assay of the hmnan liver in various t3rpes of anemia shows 
conspicuous differences in the concentration of hemoglobin producing 
factors. 

Pernicious anemia shows very high values and the liver in untreated 
cases may show maximal storage of the hemoglobin producing factors. 
Liver therapy reduces this store as the missing factor is supplied and 
new hemoglobin and red cells can be turned out by the marrow. 

Aplastic anemia likewise shows high concentration of hemoglobin 
producing factors as there is no outlet for this material through the 
red marrow. 

Secondary anemia due to loss of blood will show low normal values 
but even long standing severe anemia vdll not seriously deplete this 
store of hemoglobin producing factors in the liver. 

Secondary’’ anemia due to blood destruction within the body shows 
higher values and some excess store of hemoglobin producing factors 
and iron. 

Leukemia gives a biological assay like secondar}’' anemia due to 
blood loss and always presents definite anemia. 

Iron analyses show conspicuous differences and iron concentration 
within the liver parench}Tna does not in any wa}’’ parallel the con- 
centration of hemoglobin producing factors. The highest values for 
iron concentration are found in aplastic anemia (70 mg. per cent) — 
high values in pernicious anemia (51 mg. per cent) — normal values in 
leukemia (13 mg. per cent) — and low values in anemia due to loss of 
blood (5.3 mg. per cent). 

These findings should aid in a more complete understanding of the 
pathogenesis and internal metabolism of various anemias. 
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first in tlie ereptic and tryptic digest (Fig. 6 d), next in the tryptic 
digest, and much later, if at all, in the peptic digest. 

The acid-hydrolyzed proteins and the mixture of pure amino acids 
had no effect on the morphology of the cells comparable to that of the 
enzymatic digests. The amino acid mixtures, if dilute, caused no 
noticeable change in the cells. When used at higher concentrations, 
the cells became round and vacuolated, and degenerated. In the 
protein completely hydrolyzed by acid, the cells became somewhat 
broader and more granular than the control cells, but did not undergo 
the marked changes produced by enzyme-hydrolyzed material. These 
changes cannot be ascribed, therefore, to the amino acids in the digests. 
They may be due to the intermediate products of protein hydrolysis. 
All the digests used in these experiments, even those having the largest 
quantity of amino nitrogen, were found to undergo further h 3 ’^drolysis 
on treatment with acid. There is also the possibility that tlie digests 
contain small quantities of some material tliat supplements the amino 
acids or the peptides. 

The concentration of the digest in the medium plays as important 
a part as its degree of hydrolysis in determining the size and shape of 
the cells and tlreir tendency to agglutinate. As the concentration is 
increased, the cells become shorter, broader, and more granular; 
(compare Fig. 7 h with 7 c, also Fig. 9 a with 10 a). Because of this, 
cells cultivated in a high concentration of tryptic digest (30 per cent 
amino nitrogen) may resemble those cultivated in a lower concentra- 
tion of peptic digest (12 per cent amino nitrogen) (compare Fig. 7 c 
with 7 a). The higher the concentration of the digests, the more 
quicld}' agglutination of the cells takes place. At 0.01 per cent 
nitrogen, agglutination in a tr 3 q>tic digest of fibrin took place in 24 
days. At 0.03 per cent, the same effect was observed in 15 days. In 
the less h^^drolyzed peptic digest, no agglutination was observed at 0.01 
per cent nitrogen during the entire period of cultivation. It did take 
place, however, in a more concentrated solution. 

The length of time of cultivation in these media is as important in 
determining the morphologj’ of the cells as the degree of hj'drolj’^sis or 
tlic concentration of the digest. The increase in size of the cell and in 
the number of its cytoplasmic structures is a gradual process. Also 
there is a cumulative effect of the digest as the time of cultivation is 
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It is known that blood monocytes and tissue macrophages will 
subsist upon a medium of serum or plasma diluted with Tyrode solu- 
tion.^*- They also feed upon bacterial protein, muscle tissue, and 
coagulated protein such as egg albumin.^*- Embrj^onic juice and 
proteoses, if sufficiently dilute, cause active multiplication of these 
cells, but kill them under conditions that promote the multiplication 
of fibroblasts.^"® It is also known that the morphological characteris- 
tics of the monocytes varj’' according to their nutritive state.^-- Al- 
though it seems evident that the monoc}i:es live on digested protein, 
no detailed study has heretofore been made of the effect of various 
products of protein digestion on these cells. The experiments reported 
in this paper deal with the effect of proteins hydrolyzed to vaiying 
degrees on (1) the rate of multiplication, and (2) the morphological 
appearance of monocj’tes cultivated in vifro. 

Technique 

Commercial blood fibrin, Harris purified casein, and freshly extirpated chicken 
liver were used as the source of the protein hydrolytic products. By digesting with 
pepsin, trj-psin, and a combination of tr>*psin and crepsin, digests were obtained 
in which the amount of nitrogen in the amino form \*aricd from 12 to 6S per cent of 
the total nitrogen. Proteolytic products were also obtained by the autoh-sis of 
fresh liver tissue at pH 4.5. Completely hydro b-acd protein vrzs prepared by 

* Carrel, A., and Ebcling, A. H., J. Ezp. Med., 1926, 44, 2SS. 

- Carrel, A., Sdew, 1951, 73, 297. 

= Baker, L. E., and Carrel, A., /. Exp. Med., 192S, 47, 355, 

L. E., J. Exp. Med., 1929. 49, 165. 
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1 : 20,000 to 1 ; 80,000, agglutinated masses of the leucocytes are formed 
of the same character as those produced by hydrolyzed proteins (Figs. 
13 and 14). The monocytes cultivated in the presence of arsenic pent- 
oxide acquire the property of liquefying the plasma clot. Too little 
evidence is at hand as yet to indicate whether enough digestion prod- 
ucts are formed in the hquefaction to cause this change, or whether 
the arsenic oxide brings about the agglutinations by an entirely 
different mechanism. The arsenic pentoxide does not cause any such 
marked increase in monocyte proliferation as is obtained in the pro- 
teolytic digests. 

If the monocytes are cultivated for too long a time in these media, 
they finally degenerate. For continued life, they must be transferred 
occasionally to their ordinary medium of plasma and Tyrode solution. 
When this is done, they gradually revert to the condition of cells that 
have been cultivated in normal medium. This reversible change is, 
however, very slow. The cells sometimes retain the morphological 
appearance that they had in the medium containing proteolytic prod- 
ucts for as long as 14 days after they have been restored to normal 
medium. The slow return of the cell to its normal condition suggests 
that it may be necessary in considering cell morphology to take into 
account the past history of the cell, as well as its present environment. 
Quite often giant cells are formed (Fig. 12). Although their occur- 
rence is not specific to cultivation in proteolytic digests, it shows still 
another kind of cell reaction that has been observed in these media. 

SUMMARY 

It has been found that the enzymatic digestion products of proteins 
cause a rapid proliferation of blood monocytes in vitro. Digestion 
mixtures having anywhere from 12 to 68 per cent of their nitrogen in 
the amino form possess this property. 

For continued proliferation, heparin plasma or serum must be repeat- 
edly supplied vath the digests. Without them, multiplication contin- 
ues for only a few days, the coagulum in which the cells are embedded 
liquefies around the central fragment, and the cells disintegrate. 

The enzymatic digests exert a marked effect on the morphological 
appearance of the cells and finally cause them to agglutinate. The 
extent of tliis effect is determined by the degree of hydrolysis of the 
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different rates of cell proliferation. Measurements could be made only during the 
1st week or 10 days of cultivation. After that time, small colonies of cells de- 
veloped over the entire surface of the coagulum. 

RESULTS 

Effect of Proteolytic Products on the Multiplication of Monocytes 

The addition of any of the enz>Tnatic digests to the culture mediimi 
caused a large increase in the rate of proliferation of raonoc>’te3 in 
leucocytic film . The same result was obtained in pure strains of 
monocytes from blood and from spleen. WTien the serum was washed 
out of the clot in which the leucocytes were embedded and onl}- the 
proteolytic products were supplied as nutritive material, proliferation 
continued for a few days at a rate greatly exceeding that in T 3 Tode 
solution (Text-fig. 1), but the cells survived only 7 or 8 days. Diges- 
tion of the coagulum also occurred around the central fragment. 
WTien, however, either serum or heparin plasma was pro\ided in 
addition to the digests, rapid proliferation continued for a much 
longer time, and the cells sur\ived for many weeks vathout deteriora- 
tion. All the results described below are taken, therefore, from 
experiments in which either serum or heparin plasma was used with 
the proteol>d:ic products. The increased proliferation due to the 
digests was e\ident both from the larger area of the colonies obtained 
(Text-figs. 2 and 3) and from the greater density of the cell population 
in that area (Fig. 1 a and 6). The same phenomenon is e\ndent in 
Figs. 5 and 6. 

The digests that contained small amounts of free amino nitrogen did 
not cause as rapid cell multiplication as the ones containing larger 
amounts of the lower split products (Text-figs. 2 and 3). The autoly- 
sates of liver also promoted cell proliferation. Xo comparable effects 
could be obtained with protein complcteh’ h^’drolyzed by hydro- 
cliloric add or with artifidal mi.xtures of pure amino adds. The add- 
hydroh'zed protein stimulated tlic multiplication very’ slightly. Xot 
even the smallest increase in proliferation could be observed on adding 
mi-xturcs of pure amino adds to the medium. 

High concentrations of the digests were toxic to monocytes. At 
the concentrations used (0.024 per cent nitrogen to 0.000 per cent 
nitrogen), some of them, cspcdally the liver digests, gave larger 
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EXPLANATION OF PLATES 

Magnification = X 230 in all the figures. 

Plate 42 

Fig. 1. Experiment 13352. Effect of proteolytic digest on density of cell 
population. 

Fig. 1 a. Control. Fresh blood monoc 3 ^tes cultivated for 3 days in heparin 
plasma and T 3 Tode solution. 

Fig. 1 b. Fresh blood monocytes cultivated for 3 da 3 "s in heparin plasma and an 
ereptic and tryptic digest of fibrin (nitrogen = 0.024 per cent; amino nitrogen == 
40 per cent of the total). 

Fig. 2. Experiment 13342. Effect of slightly h 3 ''drol 3 '' 2 ed protein on tlie morph- 
ology of the cell. 

Fig. 2 a. Fresh blood monoc 3 ^tes cultivated 16 da 3 ^s in heparin plasma and 
T 3 Tode solution. 

Fig. 2 h. Fresh blood monocytes cultivated 16 days in heparin plasma and 
peptic digest of fibrin (amino nitrogen = 15 per cent of the total). 

Fig. 3. Experiment 3865 H3. Agglutinations of monocytes cultivated 19 da 3 ''S 
in heparin plasma and tr 3 ^ptic digest of liver (nitrogen = 0.008 per cent; amino 
nitrogen = 56 per cent of the total). Note the pseudopod-like folds in their 
undulating membranes. 

Fig. 4. Experiment 3987 H4. Effect of more highly digested protein on the 
morphology of the cell. Monoc 3 "tes kept for two passages (24 da 3 J's) in heparin 
plasma and tr 3 TDtic and ereptic digest of fibrin (nitrogen = 0.006 per cent; amino 
nitrogen = 43 per cent of the total). The control cells in heparin plasma and 
T 3 Uode solution not pictured here were indistinguishable from those shown in 
Fig. 2 a. 

Fig. 5. Experiment 12944 D. Lengthening of cells in pure strain of macro- 
phages, due to tr 3 "ptic digest of chicken liver. 

Fig. 5 a. Control cultivated 3 da 3 ^s in serum and T 3 TOde solution. 

Fig. 5 6. Same monoc 3 ^tes cultivated 3 da 3 "s in serum and tryptic digest of 
chicken liver (amino nitrogen = 56 per cent of the total). 

Pl>\te 43 

Fig. 6. Experiment 13261 D. Effect of increasing degrees of h 3 ''droIysis of 
casein. ’ 

Fig. 6 a. Control cultivated 13 days in heparin plasma and T3Todc solution. 

Fig. 6 b. Fresh blood monoc 3 *tes cultivated 13 da 3 's in heparin plasma and peptic 
digest of casein (nitrogen = 0.024 per cent; amino nitrogen = 12 per cent of total 
nitrogen). Note increase in tlie number of cells. 

Fig. 6 c. Fresh blood monoc 3 'tes cultivated 13 da 3 's in heparin plasma and 
tr 3 ptic digest of casein (nitrogen = 0.024 per cent; amino nitrogen = 30 per cent 
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only a slow proliferation. Tlie proteolytic products in Tyrode solu- 
tion cause an initial rapid proliferation, but are not in themselves 
adequate for maintenance. Willmer and Kendah have reported that 



Text-Fig. 2. Experiment 4009 H. Comparison of the areas of colonics of 
monoc}‘tcs obtained in heparin plasma and fibrin digests of %'ar3’ing degrees of 
hydrolysis with those obtained in heparin plasma and Tyrode solution, llic 
digests were used at equal concentrations of nitrogen. 

scrum is necessary for the cultivation of fibroblasts in proteose solu- 
tions, and attribute the action of the scrum to an enzyme that breahs 
down the proteose to lower disintegration products. In the ease of 

^ Wlllmcr, E. and Kendal, L. J, iirg. Fne!,, 1932. 9, 1-19. 
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Fig. 13. Experiment 13158 D. Agglutinations in monocytes cultivated in 
heparin plasma and tiy^Dtic digest of liver (nitrogen = 0.012 per cent; amino 
nitrogen — 70 per cent of the total nitrogen). 

Fig. 14. Experiment 13043 D. Agglutinations in monocytes cultivated in 
heparin plasma and arsenic pentoxide 1:20,000, 
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important since -witliout it the proteolytic digests cause liquefaction 
of the coagulum. 

Both serum and heparin plasma supplied the substances necessary 
for survival and rapid proliferation of monocytes in the hj^drolyzed 



Tr\t-Fig. 4. Comparison of the areas of monoc>'tcs obtained in a tr>*pl:c digest 
of liver at different concentrations. Heparin plasma vras used vrith the digests. 


proteins. However, the cells became more granular when serum was 
used, and underwent diangcs in morphology- more rapidly than when 
heparin plasma supplemented the digests. In the presence of heparin 
plasma, no liquefaction of the coagulum was observed. Some digestion 
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Fig. 13. Experiment 13158 D. Agglutinations in monocytes cultivated in 
heparin plasma and trjptic digest of liver (nitrogen = 0.012 per cent; amino 
nitrogen = 70 per cent of the total nitrogen). 

Fig. 14. Experiment 13043 D. Agglutinations in monocytes cultivated in 
heparin plasma and arsenic pentoxide 1 : 20,000. 
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The change in morphology that the cells undergo in these media 
is determined by (1) the degree of hydrolysis of the digest, (2) its 
concentration in the medium, and (3) the length of time the cells are 
cultivated in the digests. Cells cultivated in serum and digest also 
differ morphologically from those cultivated in heparin plasma and 
digest. Those at the center of the colony differ from those at the 
periphery. Individual characteristics of the plasmas used with the 
digests also play a part in determining their exact morphological 
characteristics. 

The degree of hydrolysis of the digests used in the medium deter- 
mines the si 2 e, shape, degree of granulation of the monocytes, and 
their tendency to agglutinate. Monocytes cultivated in protein 
digests containing small amounts of amino nitrogen become larger, 
rounder, and more granular than those cultivated in plasma (Fig. 2 a 
and 6). In the more highly hydrolyzed digests, the cells maintain 
the elongated form characteristic of those in plasma, but are much 
larger and longer than those in plasma (Fig. 5 a and h). In the second 
passage, these differences are very marked (Fig. 4). The control cells 
not pictured here were indistinguishable from the controls pictured in 
Fig. 2 a. 

The effect of increasing degrees of hydrolysis of a given protein is 
illustrated in Fig. 6 a, 6, c, and d. The same plasma was used with 
T>T:ode solution (a), peptic digest of casein (6), tryptic digest of casein 
(c), and ereptic and tryptic digest of casein (d), at an equal concentra- 
tion of total nitrogen. The cells in the ereptic and trj’ptic digest are 
somewhat shorter and broader than those in the tiyq^tic digest, and 
show the beginning of agglutination. Similar differences in the cells 
in peptic and tiy-ptic digests of fibrin arc also sho\\Ti in Fig. 7 a and 
^\^len the digests were used at such dilution that their concentrations 
of free amino nitrogen were the same, there was less difference between 
the cells of the ereptic and the tiy'ptic digests than at equal total 
nitrogen. The cells of the peptic digests still differed in character 
from the others because of tlic presence of the larger fractions of the 
protein molecule. 

The time required for the cells to agglutinate in these media depends 
also on the degree of hydrolysis of the digest. Wlicn the digests arc 
used at equal concentrations of total nitrogen, the cells agglutinate 
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Fig, 13. Experiment 13158 D. Agglutinations in monocytes cultivated in 
heparin plasma and trj-ptic digest of liver (nitrogen = 0.012 per cent; amino 
nitrogen = 70 per cent of the total nitrogen). 

Fig. 14. Experiment 13043 D. Agglutinations in monocytes cultivated in 
heparin plasma and arsenic pentoxide 1:20,000. 
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extended. Within certain limits, the same results can be produced 
by long cultivation at low concentration as occur at a higher concen- 
tration in a short time. It is also possible for two digests of different 
degrees of hydrolysis to produce the same result, but the length of 
time required to give this result is different. 

The location of a cell in the colony also plays a part in deter minin g 
its morphology. Those at the periphery of the colony were broader 
and roimder than those near the central fragment. They were also 
more granular, contained more fat, and showed anastomoses first (Fig. 
8 a and 6). This is to be expected since the concentration of the 
chemical constituents of the medium is altered by the metabolism of 
the cells. The pH and the concentration of the nutritive substances 
are changed more rapidly at the center than at the periphery of the 
colony. 

The cells cultivated in serum and a given digest differed in morphol- 
ogy from those cultivated in plasma and the same digest (Figs. 9 and 
10). In serum and digest, the cells were larger than in heparin plasma 
and digest and appeared much more granular. Agglutinations also 
occurred more quickly when serum supplemented the digest than when 
heparin plasma was used with it (Fig. 10 a and i). These differences 
were observed even when the serum and plasma were taken from the 
same animal. 


The character of the plasma used with the digest also plays some 
part in determining the morpholog\* of the cell. Plasmas taken from 
different animals of the same species vaiy- over a considerable range in 
the quantity of some of their constituents. Six different plasmas, 
when combined witli the same digest of casein at a given concentration, 
produced cells of varying lengths. Fig. 1 1 a and b shows two extremes 
m this experiment. However, the part played b\* the plasma is quite 
secondarx' to tliat of the digests. In order to obtain the t\pcs of 
cells and growth pictured in this paper, it is necessarj' for the medium 
to contain proteolytic products. 


The agglutination of the leucocytes into masses of cells is a verv' 
striking phenomenon. It has so far been obsei^^cd under only one 
other condition of cultivation; namely, by the addition of a ven^ dilute 
solution of arsenic pentoxide to the usual culture medium of 'plasma 
and Tyrode solution. In concentm.tions of an-enic pento.xide from 
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digest, its concentration, and the length of time the cells are cultivated 
in it. The morphological appearance of the cells is also somewhat 
influenced by the nature of the plasma or serum used ■with the digest. 

Digests having very little free amino nitrogen produce short, round, 
granular cells. Those more highly hydrolyzed produce large, long, 
slender forms. 

An increase in the concentration of the digest in the medium causes 
a shortening and broadening of the cell and an increase in its granula- 
tions. Therefore, even a highly hydrolyzed digest may, if concen- 
trated, give cells resembling those in a lower concentration of a less 
hydrolyzed one. 

The digests have a cmnulative effect on the cells, as the time of oilti- 
vation is extended. Therefore, cultivation for a long period in a dilute 
solution may give the same effect as a shorter time in a higher 
concentration. 

A different effect is obtained if plasma is used ■with the digest than 
if senun is used, even when the plasma and serum are taken from the 
same animal. The monocjles cultivated in serum and digest are 
generally shorter, broader, and more granular than those cultivated 
in heparin plasma and digest. They also contain more fat and have 
a greater tendency to digest the clot. 

Agglutination of the cells takes place more readily in highly hydro- 
lyzed products than in those slightly hydrolj'zed. It is hastened by 
increase in concentration of the digest in the medium. It occurs 
more readily at the peripheiy' of the culture and sooner in serum and 
digest than in heparin plasma and digest. 

Completely hydrolyzed proteins and mixtures of pure amino adds 
do not produce effects at all comparable to those of the enzymatic 
digests either in tlieir effect on the rate of cell proliferation or their 
action on the morphologj' of the cell. 

Arsenic pento.xidc in dilutions from 1 ; 20,000 to 1 : 80,000 is the only 
otlier agent knorra to bring about agglutinations of the monocytes 
when cultivated ii: diro. 

The early diangcs in the morphological appearance of the cell that 
arc produced by these digests are reversible. WTcn the digests are 
removed from the medium and the cells culUvated in plasma and 
Tyrode solution, they vcr>- gradually revert to their original form 
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of the total nitrogen). Note the increased size and length of the cells over those 
in Fig. 6 a and 6. 

Fig. 6 d. Fresh blood monoc^'tes cultivated 13 da3's in heparin plasma and 
113^110 and ereptic digest of casein (nitrogen = 0.024 per cent; amino nitrogen = 
40 per cent of the total nitrogen). Note the beginning of agglutinations. 

Fig. 7. Experiment 13343 D. Relative effects of concentration and degree of 
h3^drolysis of digests on the morphology of the celL 

Fig. 7 a. Monoc3"tes cultivated 14 da33 in heparin plasma and a peptic digest of 
casein (nitrogen — 0.01 per cent). 

Fig. 7 6. Monocjrtes cultivated 14 da3"s in heparin plasma and a tr3^tic digest 
of casein (nitrogen = 0.01 per cent). 

Fig. 7 c. Monocytes cultivated 14 da3’'s in heparin plasma and a tryptic digest 
of casein three times as concentrated as in Fig. 7 6. Note the difference in the cells 
of Fig. 7 a and h, and the similarity of the cells in Fig. 7 a and c. 

Fig. 8. Experiment 3987 H2. 

Fig. 8 o. Cells near the central fragment in 15 da3' old culture cultivated in 
heparin plasma and peptic digest of fibrin. 

Fig. 8 h. Cells at the peripher3’' of the same culture after 15 da3"s’ cultivation. 

Plate 44 

Fig. 9. Experiment 4573 H. Differences between the effects of heparin plasma 
and seium when combined with a tr3’ptic digest of fibrin. 

Fig. 9 a. !Monoc3i:es cultivated 15 da3^s in heparin plasma and 113^110 digest of 
fibrin (nitrogen == 0.024 per cent). 

Fig. 9 5. Monoc3'tes cultivated 15 da3's in serum and the same tr>"ptic digest of 
fibrin (nitrogen = 0.024 per cent). Note the agglutinations of the round granular 
cells. 

Fig. 10. Experiment 14161 D. Differences between the effects of heparin 
plasma and serum when combined with a ti3ptic digest of fibrin. 

Fig. 10 fl. LIonoc3'tes cultivated 19 da3*s in heparin plasma and tr3ptic digest 
of fibrin (nitrogen = 0.06 per cent). These cells are round instead of long, as in 
Fig. 9 o, because of the greater concentration of the digest used in this exp>eriment. 

Fig. 10 6. LIonoc3"tes cultivated 19 da3’s in serum and tr3ptic digest of fibrin 
(nitrogen *= 0.06 per cent). Note the difference in the agglutinating effect of the 
serum, and also, b3^ comparing Fig. 10 b with Fig. 10 o, the effect of increased 
concentration on agglutination. 

Fig. 11 . Experiment 14270 D. Effect of two different plasmas with the same 
proteol3'tic digest. 

Fig. 11 a. Monoc3'tes culti\'ated in Plasma 1 with tr3ptic digest of casein 
(nitrogen == 0.024 per cent). 

Fig. 11 6. I^fonoc3'tes culti\*ated in Plasma 2 with the same tr3ptic digest of 
casein (nitrogen « 0.024 per cent). 

Fig. 12. Experiment 3715 H. Giant cell resulting from cxilth’ation of mono- 
C3’tcs in Uyptic digest of casein and later cultivation in scrum. Note the undulat- 
ing membrane at the end of the giant cell and surrounding the smaller cells. 
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The subject is reviewed by Weech and Ling (4) who take up the story ^vith the 
so called war edemas which occurred so frequently in the Central Empires when 
large groups of people were forced to subsist on inadequate diets low in protein and 
high in certain types of vegetables* They proceed to discuss cases of nutritional 
edema (with hypoproteinemia) in the Chinese from the famine districts and they 
point out that the patients had been subsisting on a diet composed chiefly of wheat, 
rice, corn, and millet, inadequate in protein as well as in vitamins and salts* 
Among the many recent papers emphasizing the same point of ^dew maybe 
mentioned those of Peters (5) and his associates. Peters (3) also feels that mah 
nutrition as well as protein loss is an important factor in lowering the blood pro- 
teins in Bright’s disease* 

It should be made clear that those who adhere strictly to the protein lack theory 
of malnutritional hj^poproteinemia attribute the disturbance of the blood proteins 
specificalty to a shortage of protein building stones and not to an interference with 
the protein-building mechanism. Peters, for example, in commenting on rises of 
blood protein in malnourished patients after they were placed on a high protein 
diet sa^^s ^^the gradual rise of the serum proteins which accompanied the protein 
storage in these cases suggests that the low serum proteins resulted from protein 
deficiency alone” (5). 

J. Expcrimculal Hypoproteinemia in Animals on Low Protein Diets, — Kohman 
(6) several years ago found that rats placed on a low protein diet with large amounts 
of carrots became edematous after a number of weeks. While no blood protein 
determinations were made it seems certain that the edema was associated with 
hypoproteinemia. In analyzing her experiments Kohman felt that vitamin 
deficiency, salt effects, and possible toxic substances in carrots w^ere all eliminated 
as causal factors and that the edema was due purely to lack of protein in the diet* 
Frisch, Mendel, and Peters (7) conducted similar experiments but on a less exten- 
sive scale. The}’' confirmed Kohman’s observations and made determinations of 
blood proteins w'hich were found after a period of w’ceks to be very low. Shel- 
burne and Egloff (8) report observations on a dog in which the blood proteins fell 
during a period of 24 days of low' protein feeding from 6.8 gm* per cent to 4.7 gm. 
per cent. 

4. Expcrmcntal Hypoproteinemia Produced by Withdrawal of Blood Proteins 
{Plasmapheresis). — Wliipple and his associates (9) in connection ^Yith studies on 
the regeneration of blood proteins produced marked hypoproteinemias in dogs by 
removing large amounts of plasma (several hundred cubic centimeters). Leitcr 
40) and Barker and Kirk (11) in efforts to produce experimental edema w*ere able 

o low'cr the blood proteins of dogs by similar drastic bleedings of 400 to 500 cc. 

wicc daily. Fishberg and Fishberg (12) reduced the plasma proteins in rabbits 

0 about 50 per cent of the normal \'aluc by daily bleedings of about 35 cc. 

Certainly the array of evidence presented above can leave no doubt 

1 any mind that loss of protein and lack of protein play an important 
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slightl}’' depressed in dogs which went without food for 4 days; the globulins v 
found to be increased at the expense of the albumins. Then there are s( 
irreconcilable contradictions. Shelburne and Egloff^s dog (8), for example, : 
fered a marked lowering of blood proteins udthin 3 Vv^eeks when placed on a 
protein diet, whereas Whipple’s dogs (9), in spite of an initial large bleeding 
lowed by total fasting, regenerated their plasma proteins to normal within 14 di 
The whole subject evidentl)'- requires more experiment before final conclusi 
can be drawn. 

We may next return to a consideration of the relation of proteinuria to the 
blood proteins of Bright’s disease. If this loss of protein in the urine were 
major factor one would expect the blood proteins to bear some relation to 
degree of such loss and one would also expect the blood proteins to return t 
higher level if large quantities of protein were fed. With regard to tlie first po 
Fig. 3 from the paper by Peters, Bruckman, Eisenman, Hald, and Wakeman (3 
of interest. The urine protein in grams per da}^ is plotted against the sei 
protein per cent, and it appears that there is no exact relation. Some patie 
with very heav>’' proteinurias (over 10 gm. per da}^ had plasma proteins o 
moderatel}^ low (4.5 gm. per cent or over) whereas a good many subjects with m 
proteins under 10 gm. had serum proteins under 4 gm. per cent. The extrei 
were urine protein 1 gm. per day with serum proteins 3 + gm. per cent, and ui 
proteins 19 gm. per day with serum proteins 4.5 gm. per cent. Furtherm< 
patients witli the most marked proteinurias do not continue to lower the bl 
proteins indefinite^ but they seem to estabhsh tliem at a more or less const 
low level despite the continued loss. 

Even more striking are certain observations, such as those of Peters and Bui 
(16), on the effect of high protein feeding on the low blood proteins in nepbri 
Regardless of the diet and regardless of whether the patient was storing or los 
nitrogen the blood proteins in a number of cases remained at a practically const 
level. Their Case 2 is a good illustration. During the first period of 17 da^^s 
patient had a positive balance of 0.7 gm. protein per day but lost 10.8 gro. 
protein per day in the urine. Despite this loss the plasma proteins at the st 
were 4.0v3 gm. per cent and on the 12th day 4.20 gm. per cent. During the fi 
26 day period there was a positive daily balance of 22.7 gm. of protein, wher 
9.3 gm. were lost each day in the urine. The plasma proteins at the beginning 
the period were 4.20, at the end 4.34. The patient’s weight is not stated bu 
one estimates his total plasma as 3000 cc. then he had a total of 126 gm. of plas 
protein at the start and 130 gm. at the end of the period. Although he had sto 
348 gm, of protein only 4 gm. were diverted to tlie formation of plasma protci 
These considerations make it clear tliat, in this case at least, the low blood protc 
bore no relation to the nitrogen metabolism of the body as a whole but clca 
were dependent on some special failure of the blood protein-forming mcchani 
which may have been exaggerated by the loss of protein in the urine. This spec 
in nance is in accord witJi general clinical experience and while various writ 
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regenerating mechanism; lack and loss undoubtedly contribute an 
added burden which, on occasion may be insuperable, but lack and 
loss clearly fail to explain the whole problem. 

It would serve no purpose to hypothecate an indefinite defect of tlie 
protein-forming mechanism without proposing some explanation for 
such a defect. In the clinical cases, apart from protein lack in tlie diet, 
deficiencies of the diet in other respects, infection, intoxication from 
wasting disorders such as cancer, and the hardships and hazards of 
famine conditions have been outstanding, and they have been stressed 
by various writers. Any or all of these factors might be imagined to 
lead (apart from lack of protein per to an interference with the blood 
protein-forming mechanism, which perhaps readjusts itself when in- 
fection is eliminated and the general nutrition is improved. One 
must also consider the possibility of some more specific agent which 
may have a positive inhibiting effect on the blood protein-forming 
mechanism. In many of the famine cases as well as in experiments 
the diet has not only been low in protein but tliere has been an excess 
of certain vegetables such as turnips (war edema, Shelburne and 
Egloff’s dog), and carrots (Kohman’s and Frisch’s rats). May these 
vegetables and perhaps other articles of food contain some agent which 
is antagonistic to the formation of blood proteins? 

Finally, little is known as to the normal rate of blood protein 
destruction (18). While it is probabty very slow as judged by endo- 
genous protein metabolism in general, an abnormal acceleration must 
be considered as a possible factor in clinical hypoproteinemia. 

EXPERIMENTAL 

The purpose of the present experiments was to test, definitively if 
possible, the effect of low protein diet on the serum protein level of 
rats. The procedure differed from that employed by Kohman (6) 
and by Frisch, Mendel, and Peters (7) in three principal respects: 
many more animals were used, they were mature, and carrots, which 
may be a disturbing factor, were eliminated from the diet. 

Material and Methods 

Young but mature female white rats were used. They weighed, for the most 
{^.irt, 140 to 190 pm. The stock was that which has been inbred in this laboratoiy 
(.19) for many years; the animals arc \dgorous and ver>’ satisfactory for observ'a- 
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and they ate well. From about the 3rd week on, the hair became 
discolored, brownish grey, and brittle and it fell out in patches of 
variable size. No dermatitis developed, however, and the bald areas 
soon developed an abundant growth of delicate snow-white hair. 
There were none of the usual evidences of vitamin deficiency; the eyes, 
feet, and skin remained normal. There was no rhinitis or diarrhea. 
Only one rat in the whole group of 144 died during the course of the 
experiment, on the 140th day. No animal developed any signs of 
edema. 

Examination of the organs (macroscopic) at various periods showed 
a progressive and obvious decrease in size but no apparent pathological 
lesions. Even after 20 weeks there was still a good deal of mesenteric 
fat. The muscles and subcutaneous tissues looked dry rather than 
moist. 

The output of protein in the urine was determined in a group of 
eight rats which had been on tlie diet for 19 weeks. The method 
devised by Shevky and Stafford (22) was used. The average protein 
excretion per 12 hours per 100 sq. cm. of body surface was 0.1827 mg., 
a figure within the normal range (23). 

That lack of protein in fact rendered the diet inadequate for main- 
tenance is clear from the weight curves (Figs. 1 and 2). Fig. 2 shows 
the average loss at various intervals in terms of percentage of the 
initial weight which is taken as 100 per cent. With minor variations 
there was a steady decrease which at 21 weeks amounted to 26-1- per 
cent. 

Changes in the Scrum Proteins. — As the rats lost weight the total 
blood volume was diminished. Figs. 3 a and 3 b show a definite cor- 
relation between weight and the total blood obtained by the present 
method of exsanguination. The serum volumes were not measured 
accurately so that no figures can be given as to tlieir relation to body 
weight. It is evident, however, tliat the total serum proteins were 
markedly decreased. But the point of importance is not so much tlie 
total quantit}' of protein as the concentration. 

Changes in Concentration of the Scrum Proteins. — Fig. 4 and Table I 
show the values for scrum protein concentration at various intervals 
during the course of the experiment. Each estimation w’as made on 
the pooled serum of a group of rats. The events can be divided into 
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two stages the first of which one may speak of as the initial drop. We 
have found when rats are put under a variety of conditions of low 
protein intake that there is a prompt fall in the concentration of the 
serum proteins amounting to approximately 10 per cent of the initial 
value. This fall may be manifest in a day or two or may extend 
over several days or even a week. The drop is at the expense of the 
serum albumin; the globulin remains essentially unchanged. Return 

■Etercent 



Fig. 2. Composite weight curves of rats on low protein diet and on fasting 
(water) . Loss of weight at various times is expressed in percentage of initial weight 
(100 per cent). 


to a diet containing adequate proteins is followed by an equally prompt 
restoration of the initial serum protein level. So rapid are these fluc- 
tuations and so small tlicir extent, that we are inclined, tentatively at 
least, to regard them as of physiological and not of pathological sig- 
nificance. This view is reinforced by the stubborn resistance put up 
by the scrum proteins to further depletion at the very time when 
readily available carbohydrate and fat arc being exliausted, and body 
protein must be drawn upon as a source of energ}', as in fasting (sec 
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Diminution of the plasma proteins v/hich has been found to occur 
so frequently in certain types of Bright’s disease and in various states 
of undemutrition is attributed by most students of the subject either to 
loss of proteia in the urine or to lack of protein in the diet. In some 
cases it is believed that both loss and lack may play a part. The cur- 
rent views are clearly stated by Peters and Van Slyke (1) in their recent 
monograph, by jMcCann (2), and by Peters (3) in a long series of papers 
one of which deals especially with the status of the blood proteins in 
nephritis. The studies tvhich have led up to present concepts of 
hypoproteinemia have been exposed so often in the recent literature 
that detailed review now would serve no useful purpose. We wish, 
however, to anal 3 "ze critically the evidence for the loss and lack theory 
and to point out, as some wTiters have already suggested, that addi- 
tional factors ma}^ play a part. 

The arguments usually ad\^nced in support of the loss and lack theory- arc the 
following. 

L There is an undoubted association between h>'poprotcincmia and the Upes 
of Bright’s disease in which large quantities of protein are lost in the urine. This 
observation, confirmed cvciy- day in the clinic, certainly oilers an apparent expla- 
nation of lowered blood proteins, and as Peters (3) points out “a patient of average 
size losing as much as 16 grams of protein a day .... would c.xcrelc all the 
albumin of his scrum in the course of a week or two.” 

2. The finding of hv-poprotcincmia without proteinuria in \*arious states of 
malnutrition together with clinical improvement and rise of blood proteins after 
the patient has been placed on an adequate diet, high in protein, has been inter- 
preted as indicating that lack of protein intake is the cause of the low blood proteins. 
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two stages the first of which one may speak of as the initial drop- We 
have found when rats are put under a variety of conditions of low 
protein intake that there is a prompt fall in the concentration of the 
serum proteins amounting to approximately 10 per cent of the initial 
value. This fall may be manifest in a day or two or may extend 
over several days or even a week. The drop is at the expense of the 
serum albumin; the globulin remains essentially unchanged. Return 
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to a diet containing adequate proteins is followed by an equally prompt 
restoration of the initial serum protein level. So rapid are these fluc- 
tuations and so small tlieir extent, that we are inclined, tentatively at 
least, to regard them as of physiological and not of pathological sig- 
nificance. This \new is reinforced by the stubborn resistance put up 
by the scrum proteins to further depletion at the very time when 
readily available carbohydrate and fat are being exhausted, and body 
protein must be drawn upon as a source of energj', as in fasting (sec 
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part in the production of hypoproteinemia. The question may be 
raised, however, whether such a simple concept fits all the facts of 
clinical and experimental experience and whether one must not postu- 
late in addition some injury to, defect of, or inadequacy of the blood 
protein-forming mechanism as an accessory if not a primary difficulty; 
in point of fact, the evidence for the loss and lack theory when in- 
spected from this angle reveals a number of serious breaches which will 
next be analyzed, 

WTiile lowering of blood proteins, as we pointed out above, has resulted from 
experimental Tvithdrawals of plasma, the procedure has always been an extreme 
one. In Leiter's experiments a large portion of the dogs’ plasma was abstracted 
day after day, and Fishberg’s rabbits suffered similar losses. Despite these 
drastic procedures which could hardly be paralleled in man under any natural 
conditions, the animals exhibited an amazing ability rapidly to regenerate their 
blood proteins. WTiipple’s dogs, for example, even when fasted after the bleed- 
ing, had built up their proteins to a normal level in 14 days, and Fishberg’s Eabbit 
4, although deprived of approximately half its blood each day for 18 days, main- 
tained its plasma proteins during the last 10 da 3 's of the experiment at a nearh" 
constant level of about 4 gm. per cent. It ma^*' be estimated from the protocol 
that during the 18 day period this rabbit regenerated the total amount of its blood 
proteins six times. Barnett, Jones, and Cohn (13), in this clinic have also sho'nm 
that dogs may maintain a normal blood protein level in the face of daily large 
bleedings, although the procedure in this case was less formidable than in the 
plasmapheresis experiments of \^Tiipple and of Lciter. It seems clear, then, that 
protein loss in order to be effective in lowering blood proteins must be extreme 
unless there is in addition some impediment to the remarkable regenerative mecha- 
nism which normally- comes promptly into play. 

Concerning the experimental results of low protein feeding (including fasting) 
in animab, the observntioUb of Kohman and of Frisch, ^lendcl, and Peters have 
already been mentioned. They ascribed their findings purely to a lack of protein 
in the diet, but inasmuch as the}” dealt with }*oung (60 gm.) rats which as a result 
of the treatment suffered a profound interference with their growth, another 
interpretation, namely that the protein-building mechanism was disturbed as a 
result of inanition, would have to be considered. This question is raised because 
other experiments reported in the literature seem to be at %ariancc vrith the above 
observations. There arc, for example, a good many papers dealing with the effects 
of fasting on the blood proteins. Hanson (14), working with rabbits, followed the 
plasma proteins during alternate periods of feeding and of fasting. The animals 
went WTllioul food for as long as 6 daj's. In no case ■v'as there any drop in the 
blood proteins. Hanson also rc\dcws the older literature and refers to similar 
results in fasted dogs. Burkhardt (15) years ago found the total proteins only 
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this time oh, however, over a period of 20 weeks — an interval which 
corresponds roughly to 10 years of a man’s life (24) — there was no 
further significant drop in total serum protein. At 10 days a value of 
5.35 gm. per cent was obtained, at 147 days a value of 5.47. Looking 
at it in another way, in order to smooth out minor variations, an 
average of all values from the 10th to the 70th days was 5.53 gm. per 
cent; from tire 70th day to the end of the experiment 5.44 gm. per 
cent, a decrease of 1.6 per cent. Such a difference, if significant at 
all, is obviously negligible compared to decreases of serum proteins 
to 40 to 60 per cent of normal such as frequently have been found in 


TABLE I 

Coiiccniralioi! of Smm Proteins of Rats on Low Protein Diet 


Length of time on low protein diet 

No. of rots (pooled scrum) 

Serum protein 

days 


g;;:. per cent 

i Controls ‘ 

70 

6.25 

2 

30 

5.82 

•10 

i ‘ 30 

5.35 

‘ 20 

30 

5.68 

28 

6 

5.70 

56 ! 

6 

5. 48 

91 

8 

5.52 

98 

6 

5,33 

112 

6 

5.93 

126 

6 

5.30 

133 

6 

5.31 

140 

5 

5.14 

147 

5 

5.47 


human nutritional hypoproteinemias. Furthermore, partition of tlie 
serum from the last lot of rats, killed on the 147th day, into albumin 
and globulin showed again that the latter was within normal range and 
that the albumin was decreased just as was found in tlie case of the 
initial drop. 

A group of five rats which had been on the low protein diet for 140 
days were Uicn placed on the control diet (casein 16 per cent). There 
was a rapid gain in weight (see Fig. 5) and after 6 days, when tlie 
animals were killed, the total serum protein had risen to 6.19 gm. per 
cent. This rise was found to be due to a restoration of the albumin 
fraction. 
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stress the benefit of high protein feeding in malnoiirished nepbritics (Peters et of., 
McCann, etc.) and while such feeding doubtless often improves their general 
condition it must be admitted that there is no adequate doaimentary evidence to 
show that such high feeding of protein, specifically raises the blood proteins. Such 
slight changes as have been described may be found in subjects on a constant and 
even inadequate diet. Similar considerations apply to instances of hyproprotein- 
emia in malnourished subjects without proteinuria. First of all, onl}’’ a small 
percentage of malnourished patients show any marked lowering of the blood pro- 
teins and when they do there are usually other obvious factors aside from lack of 
protein in the diet, such as infection and the generally poor hygienic conditions of 
famine. Furthermore, the blood proteins may, on occasion, be unaccountably 
low in people who are not malnourished and who have not sxificred from deficiency’ 
of protein in the diet. Youmans and Bell (17), for example, report curious in- 
stances of seasonal edema with low plasma proteins in subjects who were well 
nourished and who had no cardiac or renal disease. And, finally, the rise of blood 
proteins which gradually follows the exhibition of adequate diets in malnourished 
patients can, perhaps, be as well explained by a restoration of a debilitated blood 
protein-forming mechanism as a result of elimination of infection and general 
malnutrition as by a specific effect of protein. Bnickman, D’Esopo, and Peters 
(5), for example, report the effects of high protein feeding in a malnourished 
diabetic (their Table 1). Between Sept. 16 and Oct. 22 the serum proteins rose 
from 5.18 to 5.93, an increase in the total serum proteins of only about 16 gm., 
although during the period of observation there vras a gain in weight of nearly 6 
kilos. Clearly simple protein lack was not the cause of the low proteins since we 
know that a man can readily regenerate 16 gm. of plasma protein in 1 day whereas 
in this case even though nitrogen was being stored in large amounts it took 36 daN’s 
to regenerate this amount. The only possible interpretation is that as the general 
nutrition improved and as she got rid of a severe infection of the hand which was 
present at the start the protein-forming mechanism gradually recuperated. Even 
when her condition was at its worst 16 gm. of protein could certainly have been 
diverted from other body stores to be reformed into blood proteins had the blood 
prolcm-rcgencrating mechanism been functioning propcrl 3 '. 

The foregoing analysis forces one to the conclusion that the lack 
and loss theory is inadequate to explain the observed facts in all 
instances of InqDoprotcinemia. In normal animals there exists a 
tremendous capacity rapidl3" to regenerate blood proteins from the 
bodx’^ stores of protein even during fasting, a capacitv' which obvioush' 
would hardh' be taxed in many clinical instances of lu'poproteincmia 
were there not some interference with its normal functioning. The 
e\ndcncc suggests that part at least of the difnculty whicli leads to 
lowering of the blood proteins is an impaim^.ent of the blood ])rot(;in- 
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Finally, in order to reduce the problem of low protein intake to the 
simplest terms, all food was withheld from another group of rats. 
Water was allowed ad libitum. Aside from rapid loss of weight (see 
Fig. 2) the animals remained in excellent condition for periods of time 
up to 3 weeks depending upon the extent of the fat stores at the begin- 
ning of the fasting period. There were no signs of vitamin deficiency 
and the most striking finding at autopsy was a decrease in the mesen- 
teric and retroperitoneal fat. Determinations of plasma or of serum 
proteins were made at various intervals (Fig. 6). Just as with the low 
protein diet there was an initial drop after which no significant decrease 
occurred despite the rapid loss of weight. The results are therefore in 
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Fig. 6. Concentration of plasma or serum proteins from rats on water alone. 
Each dot indicates the value obtained from pooled serum or plasma from a number 
of animals. 


harmony with tliose obtained in the long time low protein diet 
observations. 


DISCUSSION 

It has been shown, in brief, tliat aside from the initial drop, which is 
probabl}’^ a physiological phenomenon, a low protein diet fed over a 
period of 21 weeks led to no significant decrease in concentration of 
total serum proteins despite marked loss of body weight. The blood 
volume and the total scrum proteins were decreased, rouglily, in pro- 
portion to weight loss. To what extent the serum proteins are broken 
down and to what extent body protein is diverted to their restoration 
so that their concentration can be maintained is not revealed by the 
present c.xperimcnts. The exact nature of the mechanism requires 
special analysis. 
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It was with this idea that a series of experiments was undertaken. 
We have been able to show that the variations in antigenic volume, as 
the result of agglutination, can be demonstrated by the procedures out- 
lined. In the present paper we note the procedure and the results; dis- 
cussion of the findings and interpretation of the facts will be left to 
another paper. 


EXPERIMENTAL 

Most of the experiments were of a similar nature and the same procedure was 
rigidly followed. Bacterial antigens were prepared from young cultures grown on 
plain agar, and the organisms were suspended in 0,9 per cent sodium chloride. 
The number of organisms w^as always sufficient to give a volume of 5 c.mm. or 
more per unit after centrifugation at 2900-3000 for 1 hour in the maxiforce 
centrifuge. Antigens of such concentrations contained two to three times as 
many organisms as those employed in the usual agglutination tests. Special 
pains were taken thoroughly to mix and to distribute the antigen. The same 
pipette was used throughout the series and where the entire contents of the pipette 
were not used the measurement was always between the same points. 

The immune sera were not specially prepared for these experiments. Those 
for the paratyphoid group of organisms were obtained by immunization of rabbits; 
for B. abortus the serum of cows naturally infected was used. 

The method of determining differences in volume was as follows: Various dilu- 
tions of immune serum were added to capillary centrifuge tubes which had been 
previously calibrated.^ An additional tube containing only salt solution and anti- 
gen was carried as a control. One unit of antigen was added to each tube and its 
contents nuxed. All tubes were incubated 2 or 2 J hours, centrifuged in the maxi- 
force for 1 hour at a speed of 2900-3000 and, by means of a divided ocular 

and a stage micrometer, the length of column under a magnification of 16 diame- 
ters was determined. From this the volume was calculated. 

It might be mentioned that neither the period of incubation, pro\dded it was an 
hour or more, nor subsequent storage in the refrigerator affected the results. 

Experiments 1 and 2 record the volumetric change of antigens of 
motile and non-motile organisms wdien subjected to the action of 
specific serum. 

Experiment 1 . — ^The growth from three agar slants of 24 hour cultures of B. 
acrtryckc was suspended in 35 cc. of 0.9 per cent sodium chloride. Various con- 
centrations of diluted antiserum in quantities of 2.5 cc. were placed in the capil- 

^ \Vc arc indebted to Dr. M. Kunitz of The Rockefeller Institute for calibration 
of the capilbr>' centrifuge tubes. 
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Fig. 4. Scrum protein concentration of rats on low protein diet. Each dot gives 
the \’aluc obtained from pooled sera of a number of animaU, 


At any rate, in the present c-Tperiment this initial drop took place. 
It was c\ndcnt by the 2nd day and ob\ious on the 10th day. From 
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was that of a cow naturally infected. 5 cc. of antigen and 5 cc. of diluted serum 
were used in this experiment. The results are given in Table II. 

The measurements recorded in Tables I and II indicate tliat there 
is an increase in the volume of the antigen in the presence of immune 
serum. There is in general a correlation between volume and con- 
centration of antibody. 

It might be inferred that during agglutination various substances 
were precipitated, thus adding to the volume. The actual specificity 
of the change in bulk is open to question since it could be said that 
normal serum or immune serum freed from antibody by specific 
absorption might produce volumetric increase. The next series of 


TABLE m 

Volumetric Change in B. aeriryckc in Normal and Immune Serum 


Normal serum 

Immune serum 

Dilution 

Volume 

Agglutination 

Volume 

Agglutination 


c.fnm. 


C.fWW. 


1:20 

5.28 

+- 

8.97 

c 

1:40 

5.28 

-h- 

8.09 

c 

1:80 

5.28 

-- 

7,39 

c 

1:160 

5.28 

— 

7.21 

c 

1:320 

5.28 

— 

6.86 

c 

Control, 0 scrum 

5.28 

— 




experiments may be regarded as bearing on such points. It is typi- 
cal of many in which volumetric changes in antigen in the presence of 
normal and immune serum are recorded. 

Experiment 3 . — Antigen from cultures of B. aeriryckc was prepared in the usual 
manner and equal quantities were added to diluted normal rabbit serum and im- 
mune rabbit serum. Adequate controls were maintained. All tubes were incu- 
bated for 25 hours and then centrifuged at the usual speed and the volume of tlie 
antigen determined. In Table III tlie results are recorded. 

Experiments in which non-motile hog cholera bacilli were employed 
with both immune and normal serum produced similar results. The 
same was true with B. abortus except that the normal cow serum ag- 
glutinated the bacilli at low dilutions and had much the same cfTect 
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BACTERIAL VOLUME AND AGGLUTINATION 


There is then no readily soluble substance of an extraneous nature 
that might be considered the cause of the increase in antigenic volume. 

Experiment 5. — B. aertrycke immune serum diluted 1:5 was twice absorbed 
Avitb massive numbers of the specific organism. After the final centrifugation 
the effect of the clear supernatant on the volume of antigen was determined. 
Another portion of the same serum, not subjected to absorption, was used for con- 
trol. The volumes imder the given conditions were determined after incubation 
and centrifugation and are recorded in Table V. 

While it is true that some increase in the volume of the antigen oc- 
curred in the lower dilution of the absorbed serum, nevertheless the 
differences between the measurements in this series and those in the 


TABLE V 

The Effect of Specific Agglutinin Absorption on Volumetric Change in B. aertrycke 


Absorbed scrum 

Unabsorbed scrum 

Dilution 

Volume 

Agglutination ' 

Volume 

Agglutination 


c.mm. 




1:20 

6.86 

+++ 



1:40 

6.86 

++ 

9.68 

c 

1:80 

6.51 

+ 

8.62 

c 

1:160 

5.63 

+- 

8.10 

++ 

1:320 

5.63 


7.57 

++ 





++ 

1:640 

5.80 


7.39 

+++ 

Control, 0 scrum 

5.80 


5.80 

— 


other are sharp. The absorbed serum behaved like a weak agglutinin, 
and in fact can be so regarded, since all the agglutinin was not removed 
by absorption. The same effects were noted with B. abortus in a 
specifically absorbed serum. 


DISCUSSION 

We have already stated that the aim of the experiments was to de- 
termine whether or not there was a detectable increase in the volume 
of antigen as the result of agglutination. The experiments indicate 
that by the procedure described, differences in antigenic volume can 
be measured. As a general proposition it is true that increase in 
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Our results do not agree with those of Kohman (6) and of Frisch, 
Mendel, and Peters (7), who, as we pointed out, obtained a marked 
lowering of plasma protein concentration with low protein diets. 
The explanation of this discrepancy lies, perhaps, in the fact that car- 
rots were one of the principal features of the diet used by these inves- 
tigators; we have found that a diet of carrots alone leads to a definite 
fall in serum protein concentration (25) . In Frisch's experiments, fur- 
thermore, the repeated withdrawal of blood for the tests may have 
played a part in lowering the plasma proteins. 

The present observations have, of coiurse, no direct bearing on the 
nutritional h 3 rpoprotememia of man. They suggest, however, the 
need of a reassessment of the various possible etiological factom with 
emphasis on influences other than protein deficiency per se. The 
effects of inadequate caloric intake, vitamin deficiencj’', excess of certain 
foods such as carrots and turnips, and infection are especially to be 
considered. 


CONCLUSIONS 

Rats placed on a low' protein diet for 21 weeks, in spite of marked 
loss of body weight, showed no significant decrease of serum protein 
concentration aside from an initial (physiological ?) drop. 

I am indebted to Dr. R. B. Cohn for assistance with some of the 
pla s ma protein determinations, and to Dr. Eloise Jamieson for the 
measurement of the albumin globulin ratios. 
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ANTIGENIC VOLUME AND AGGLUTINATION 


It will be seen that as the concentration of the immune serum was 
increased, the changes in antigenic volume became more marked, so 
that to cite the extreme instance, B. pullornm increased by volume 80 
per cent in the most concentrated serum dilution. In general, how- 



Text-Fig. 1 . Percentage increase in volume of non-motile organisms in irri- 
mimc sera. 

+ indicates agglutination but with the supernatant not entirely clear. 

C indicates complete macroscopic agglutination. 

ever, the increase lay between 30 and 65 per cent. The gain in volume 
was a gradual one, progressing upward toward maximum concentra- 
tion but as a rule showing no tendency to become constant in the most 
concentrated serum dilutions. 




CHANGES IN BACTERIAL VOLUME AS THE RESULT OF 
SPECIFIC AGGLUTINATION 


F. S. JONES, akd RALPH B. LITTLE, V3I.D. 

(From ihe Deparhnent oj Animal and Plant Pathology of The Rockefeller Institute 
for Medical Research, Princeton, N, 7.) 

(Received for publication, December 27, 1932) 

The fact that dtiring specific bacterial agglutination globulin from 
immune serum is deposited upon the bacterial surface, is well shown by 
the experiments of Northrop and De Kniif (1), Shibley (2), and Eagle 
(3). The more recent work of Heidelberger and Kendall (4) indicates 
that the precipitate resulting from the mixture of polysaccharide of 
the pneumococcus and a purified homologous antibody, varies in its 
composition over a definite range. At the optimum reaction the pre- 
cipitate is composed of 1 part antigen to 120 parts serum globulin. In 
both agglutination and precipitation, the optical effect (flocculation) 
may be said to represent deposition of globulin. In the case of agglu- 
tination, particles (bacteria) of microscopic size become coated with 
globulin, while in precipitation, molecules, or aggregates of molecules, 
are coated. That the two substances, agglutinin and precipitin, are 
of similar nature has been indicated by experiments of a different 
character. Arkwright (5) found that B. coli, mixed with an extract of 
another organism, promptly agglutinated when immune serum specific 
for the extracted organism was added. Jones (6), and Mudd and his 
coworkers (7) showed that collodion particles agglutinated if first 
coated with antigen and later mixed vdth precipitin specific for the 
antigen. 

If it be true that bacteria in the presence of immune serum are coated 
with globulin, and the ratio of deposition of globulin is comparable to 
that found by Heidelberger and Kendall in precipitation, bacteria 
should increase in size as the result of agglutination. It might be 
argued further that the increase in size would be within certain limits 
proportional to the quantity and titre of the immune serum employed 
in the reactions. 
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smallest increase at tlie X+ level, as indicated by + in the text- 
figures, is 9 per cent and the greatest 20 per cent, while with complete 
clumping it varies between 12 and 27 per cent. The average, how- 
ever, of 16 per cent at tire '^{+X) point and 20 per cent at .complete 
agglutination, strengthens the inference that, regardless of the quantity 
of serum employed, when the antigenic volume has been increased 
about 16 per cent nearly all the bacteria are agglutinated and when the 
increase is 20 per cent or more agglutination is complete. 

It should be stated that only the first complete agglutinations (C) 
are recorded in both figures. To the right of these points the agglu- 
tination was always complete, whereas to the left of the points indi- 
cated by + the result was always less than X+‘ 

Thus far all the data have dealt mth the fact that bacteria increase 
in size as the result of union with specific antibody. A number of 
explanations might account for the volumetric change. The increase 
might be considered as a measure of globulin deposition from the im- 
mune serum. The deposition of protein might be focal and tend to 
cushion the bacteria one from the other and increase the spaces 
between the cells thus altering the volume when the mixtures were 
centrifuged. On the other hand swelling of the organism might occur 
as result of the chemical change in the cell surface due to union with 
antibody. 

It seemed possible to determine by experiment whether or not the 
deposition of protein from tlie immune serum was sufficient to account 
for the change in volume. The next series of experiments deals with 
this question. 

It is known (2) that collodion particles, when first soaked with anti- 
gen and subsequently washed, wiU agglutinate in the presence of 
precipitin specific for the protein used in sensitization. Such material 
seemed to us to afford opportunity for direct comparisons between 
volume and protein adsorbed from the immune serum. In Experi- 
ment 1 the effect of agglutination on the volume of sensitized collodion 
particles is shown. 

Expcrur.ait 1. — 25 cc. of a heavy suspension of collodion particles was added to 
12.5 cc. of a 2 per cent solution of ciystallizcd egg albumin. The mixture was 
incubated 2 hours, centrifuged, and tlie particles resuspended in sodium chloride. 
'Il.c centrifugation and washing were twice repeated. .After the final washing, 
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lary tubes and 2.5 cc. of antigen added. The tubes were incubated for 2 hours, 
refrigerated 4 hours, and centrifuged for 1 hour at 2900-3000 E.p.ir. A tube con- 
taining one xinit of antigen and an equal volume of sodium chloride served as a 
control. As a further control smaller quantities of antigen were tested with the 

TABLE I 


Volumetric Change in B, aeriryche as the Result of Agglulitiaiioft 


Serum dilution 

Volume 

Result of regulsT agglutination 
tests 


c.ffim. 


1:80 

9.86 

c 

1:160 

9.33 

c 

1:320 

8.8 

++ 



++ 

1:640 

8.1 

+++ 

1:1280 

7.92 

++ 

1:2560 

7.57 ^ 

+ 

1:5120 

7.74 

+- 

Control, 0 serum 

7.57 

— 


TABLE n 


Volumetric Change in B, abortus as the Result of Agglutination 


Dilution of serum 

Volume 

Result of regular agglutination 
lest 


c.nm. 


1:5 

7.39 

c 

1:10 

7.57 

, c 

1:20 

1 7.39 

C 

1:40 

6.86 

c 

1:80 

6.68 

c 

1:160 

6.68 

c 

1:320 

6.51 

c 

1:640 

6.16 

c 

1:1280 ; 

6.16 

-f-h 




1:2560 

5.98 


1:5120 

5.46 

+- 

Control, 0 serum 

5.28 

— 


immune serum in the regular manner and the results recorded after 2 hours' in- 
cubab’on and 20 hours’ refrigeration. The results are given in Table I. 

Experiment 2, — ^The experiment was similar to Experiment 1 except that a 
heav>^ suspension of B. abortus was employed as antigen and the immune serum 
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Experment 2 . — ^Both sets of data were obtained from identical, independent 
procedures. Heavy suspensions of collodion particles were mixed with an equal 
volume of 3 per cent crystallized egg albumin, incubated 2 hours, and centrifuged. 
The particles were then washed in three changes of distilled water, resuspended in 
0.4 per cent sodium chloride, and distributed in quantities of 5 and 10 cc. An 
equal quantity of 1:10 dilution of anti-egg albmnin senun was added to some of 
the tubes but not to the controls. All were incubated 2 hours, refrigerated over- 
night, and the volume of tire particles in one of tlie agglutinated series and one of 
the controls was determined after centrifugation for IJ hours in the maxiforce at 
2900-3000 R.P.M:. 

The particles in other tubes were washed in three changes of sodium chloride 
and resuspended in a small volume of distilled water and sufficient 3.6 normal 
sodium hydroxide added to hydrolyze tlie protein. Hydrotysis was carried on at 


TABLE 11 

Volumetric Change in Sensitized Agglutinated Collodion Particles Compared 
■with Volume of Protein Absorbed during Agglutination 


i 

Volume per unit 

Protein per unit 

Experiment A 

Sensitized particles 

14.14 c.mm. 

0* 


** and agglu- 

15.48 

4.85 c.mm. 


tinated particles 


4.7 

Experiment B 

Sensitized particles 

10.20 “ 

0* 


“ and agglu- 

tinated particles 

11.44 “ 

4.72 c.mm. 


* Little color on addition phenol indicator. 


40°C. for i hour. All tubes were then centrifuged and tlie protein content of the 
clear supernatant measured by the colorimetric method of Greenburg (3). The 
results of two c.xperiments are given in Table II. 

The results of both experiments closely resemble each other and 
indicate that sensitized collodion particles, when agglutinated specifi- 
cally, gain in volume but little although the actual protein adsorbed 
from tlie immune serum is considerable. The sensitized but unagglu- 
tinated particles in both experiments totaled in volume 24.3 c.mm. 
The same quantity of agglutinated sensitized particles had a volume of 
26.9 c.mm., a difference of 2.6 c.mm. The same units of agglutinated 
sensitized particles had taken up nearly 9.6 c.mm. of protein. 

The experiment indicates that sensitized collodion particles actually 
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as a weak agglutinin with the result that there was an increase in 
volume at the lowest dilutions (1:5 and 1 : 10) in which the organisms 
were agglutinated. 

The question of whether the phenomenon of volume increase might 
be caused by an addition of matter extraneous to antigen-antibodj’' 
union was considered in Experiment 4. 

Experiment 4 . — ^Equal quantities of B. abortus suspension were mixed with 
diluted immune serum (cow). All tubes were incubated and centrifuged. The 
voliunes were determined and all the supernatant was withdrawn and replaced 


TABLE IV 


Volume Change in B, ahortits Exposed to Immune {Cord)) Serum and Subsequently 

Washed Tvnce 


Dilution 

Volume in original 
mixture 



Agglutination 

1:5 

c.mm. 

7.39 

7.39 

7.39 

c 

1:10 

7.57 

i 7.39 

7.39 

1 ^ 

1:20 

7.39 

7.57 

7.39 

c 

1:40 

6.86 

7.21 

6.86 

c 

1:80 

6.68 

7.21 

6.34 

c 

1:160 

6.68 

7.04 

6.16 

c 

1:320 

6.52 ! 

6.69 

6.69 

c 

1:640 

6.16 

6.33 

5,46 

c 

1:1280 

6.16 

5.80 

5.28 

+4- 

1:2560 

5.98 

5.28 

4.93 

— j- 

+4- 

1:5120 

5.46 

5.01 

4.75 

4 — 

Control, 0 semm 

' 5.28 

5.01 

4.75 

— 


with 10 cc. of 0.9 per cent sodium chloride solution. After thorough mixing the 
tubes were again centrifuged and the volumes redetermined. The washing and 
centrifugation were again repeated and the results recorded as indicated in 
Table IV. 

The same results were obtained in a similar experiment W’hen B, 
aertryckc and its immune serum were mixed and the agglutinated bac- 
teria w’ashed in sodium chloride solution. Washing and repeated 
centrifugation only served to accentuate more shaiply the volumetric 
differences between agglutinated and unagglutinated organisms. 
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volume appears to follow concentration of immune serum. The effect 
of immune serum is specific since antigenic volume is not appreciably 
affected in normal serum nor in specific serum from w^hich agglutinins 
have been removed by previous adsorption with antigen. Experi- 
ments in which antigenic volume was measured after agglutination and 
the packed organisms subsequently twice washed fiuther indicate that 
the increase is a persistent one and cannot be attributed to the precipi- 
tation of matter extraneous to the antigen-antibody union. 

Further discussion of the fact that there occurs, as the result of 
specific agglutination, an increase in antigenic volume will be left for 
a later paper. 

SUMMARY 

Measurements indicate that bacterial antigens increase in volume 
as the result of specific agglutination. There is a general parallelism 
between the increase in antigenic volume and the concentration of the 
immune serum. The phenomenon is specific. There is no increase 
with normal serum; with absorbed serum the increase is slight and 
it can be correlated with the presence of unabsorbed antibody. The 
effect is enduring as shown by volumetric determinations upon re- 
peatedly washed, agglutinated bacteria. 
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THE SIGNIFICANCE OF CHANGES IN ANTIGENIC VOLUME 
AS THE RESULT OF SPECIFIC AGGLUTINATION 

F. S. JONES, RALPH B. LITTLE, V.M.D. 

{Frotn the Department of Animal and Plant Pathology of The Rockefeller Instttule 
for Medical Research, Princeton, N. /.) 

(Received for publication, December 27, 1932) 

In our first paper (1) it was noted that bacteria increase in volume 
as the result of specific agglutination. The experiments indicated 
that the increase was a specific one due to the umon of the antibody 
with the bacterial cell. The present paper provides further experi- 
mental data bearing on the general phenomena of bacterial agglutina- 
tion together with a discussion of the significance of the findings. 

EXPERBIENTAL 

The first series of experiments were aU of the same sort and consisted 
of volumetric measurements of various bacterial antigens in different 
concentrations of homologous antisera. The procedure was that 
already employed. 

The data in Text-figs. 1 and 2 are expressive of actual measurements and were 
obtained as follows: A series of twelve capillary centrifuge tubes was set up. 
Eleven contained the diluted immiine serum, and the twelfth salt solution equiva- 
lent in volume to the diluted serum. The same quantity of antigen was added to 
each tube and after incubation for 2 hours all tubes were centrifuged at 2900- 
3000 R,p.M. for hours in the maxiforce centrifuge and the quantit>^ of sediment 
was measured. The volume of the sediment in the control tube (containing no 
serum) was taken as 100 per cent. The changes in bacterial volume in the tubes 
which contained immime serum were determined and expressed in per cent increase 
in volume. For purposes of convenience the per cent increase in volume has been 
plotted against dilution with the greatest dilution toward the left and the greatest 
concentration at the right. These figures in turn have been correlated with the 
effect of the same concentrations of immune scrum in proportionately the same 
quantit>' of antigen, and the gross effects have been recorded after 2 hours’ incu- 
bation and 18 hours’ refrigeration. For greater simpliciU' the data have been 
divided. Te-vt-fig. 1 deals wth changes in volume of non-motile organisms and 
Text-fig. 2 with motile organisms. 
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The relation of percentage of volume increase to actual agglutination 
has much interest. Points indicated by + in both figures indicate 
that at this concentration of serum the agglutination is nearly com- 
plete (frequently expressed as iji)* Such points in the case of non- 
motile organisms are associated vrith 13 to 18 per cent increase in the 
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Text-Fig. 2. Percentage increase in volume of motile organisms in immune 
sera. 


bulk of the bacteria. When all the organisms are agglutinated, as 
indicated by the symbol C, the volume has increased from 17 to 22 
per cent. One can say that vrhen the volume of the non-motile organ- 
isms has been increased about 16 per cent nearly all are agglutinated 
and when the increase approaches 20 per cent, agglutination is com- 
plete. With the motile bacilli the results are more variable since the 
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bits of ground tissue, (3) bits of ground tissue treated 1 hour at room temperature 
with hj’pertonic salt solution, (4) bits of ground tissue treated with hj^jertonic 
salt solution and then frozen and thawed once, suspended in mixtures of serum 
(1 part), Tjnrode’s solution (2 parts), and vaccine virus; (5) supernatant fluids 
(1 part), obtained after tlie first centrifugation of the extracts described above, 
mixed with rabbit serum (1 part), Tyrode’s solution (1 part), and vaccine virus. 
These controls were handled, titered, incubated, and again titered in a manner 
similar to that used for cultures set up with the supernatant fluids obtained after 
the second centrifugation of the tissue extracts. 

In certain instances, in addition to the controls already enumerated, plasma- 
tissue preparations of the minced tissues, the ground tissues, the tissues treated 
with hj’pertonic salt solution at room temperature, and the tissues treated with 
hj'pertonic salt solution and then frozen and thawed once were also made to 
determine if tlie treatment with the salt solution followed by a single freezing and 
thawing really killed the cells. These controls were made when the extracts were 
prepared from rabbit testicles and chick embrj'os because such tissues are highly 
suitable for cultivation in plasma. The usual cover-slip method was emploj'cd in 
which bits of tissue were embedded in tlioroughly centrifuged rabbit plasma un- 
diluted or diluted with an equal amount of Tyrode’s solution and clotted with 
chick embryo extract that had been freed from \dable cells by means of centrifuga- 
tion and repeated freezing (3 times with CO 2 snow) and thawing. The cultures 
were incubated at 37°C. for a week and were examined dail}' for evidences of 
growth of cells. 

Stcrilily of Cidlurcs . — Each culture was tested for the presence of ordinary 
aerobic and anaerobic bacteria, and all cultures contaminated with such organisms 
were discarded. 


Rabbit- Kidney Extracts 

Three attempts to cultivate a dermal strain of vaccine virus in 
kidney extracts prepared in tlie manner described above were unsuc- 
cessful. The results of one experiment are summarized in Table I 
and show that tlie xdrus did not grow in the extracts nor in the presence 
of xdablc kidney tissue suspended in a mixture of serum (1 part) and 
Tyrode’s solution (2 parts), but did increase in amount in tlie medium 
composed of bits of testicular tissue suspended in a mixture of kidney 
extracts (1 part), serum (1 part), and Tyrode’s solution (1 part). One 
attempt to cultiv’atc the Levaditi neuro-vaccine virus in kidney 
extracts was also unsuccessful. The results of this experiment are 
summarized in Table II and reveal that the virus multiplied abun- 
dantly in the extract media if bits of xiable testicular tissue were 
added, but failed to increase in amount in any of the other media. 
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Rabbit Testicle Extracts 

One attempt to cultivate a dermal strain of vaccine virus in rabbit 
testicular extracts was unsuccessful. Tbe results of the experiment, 
summarized in Table III, show that the virus multiplied in media 
containing minced and ground tissues, but failed to grow in other kinds 
of media. Plasma cultures of the minced tissue, the ground tissue, 


TABLE III 


CnUivation of Vaccine Virus in Tcsliciilar Extracts 


Time oi titration 

Minced 

testicle 

tissue 

; Ground 
testicle 
cells 

Testicle cells 
treated with 
salt at room 
temperature 

1 

i 

1 

Testicle 
cells 
treated 
with salt 
and 
frozen 

1st 

super- 
natant 
from 
medium 
pre- 
pared 
at room 
temper- 
ature 

1st 

super- 

natant 

from 

medium 

pre- 

pared 

r 

freezing 

2nd 

super- 

natant 

from 

medium 

pfr^ed 
at room 
temper- 
ature 

Before incubation i 

After 4 days incuba- 
tion. 3 flasks pooled 

1,000 

1,000,000 

1,000 

10,000 

1 ,000 
Undiluted 

1 

■ 

B 

■ 

1,000 

10 

1,000 

10 

Percentage of plasma 
preparations show- 
ing growth of cells 

100 

37.5 

12.5 

5.5 1 

1 


1 



Summan' of results obtained in an attempt to cultivate a dermal strain of 
vaccine \'irus in extracts of testicular tissue. The strain of virus has been prop- 
agated by serial testicular passages in rabbits and a testicular emulsion containing 
the virus was used to inoculate the cultures. The cultures contained the material 
listed at the head of each column plus serum and T>Tode’s solution. The wrus 
multiplied in the media containing minced testicle and ground testicle. The 
multiplication, however, was distinctly less marked in the latter. No multiplica- 
tion occurred in any of the other media. It will be noted that grinding injured the 
cells considerably but that treatment with salt and freezing (once) did not kill all 
of the cells. 


and the tissues treated with hypertonic salt solution and freezing and 
thawing once were made. The percentage of slides that showed growth 
of cells is also recorded in Table III and indicates that all of the cells 
in testicular tissue were not killed by the method employed by Eagles 
and Kordi (4) in the preparation of their extracts. An attempt to 
cultivate the Levaditi neuro-vaccine virus in testicular extracts was 
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granular organisms, difficult to suspend in sodium chloride, are em- 
ployed as antigens. In such instances although all the organisms 
flocculate spontaneously, the differences in antigenic volume between 
the tubes containing immune serum and those without serum argue 
that antibody has combined with the bacterial cell. 

The experiments are of interest from a more general standpoint. 
We have shown that the increase in volume is not directly due to the 
deposition of protein from the immune serum. Collodion particles 
take up much more protein than is indicated by change in volume, 
whereas bacteria take up less. Calculations show that if the protein 
taken up by B. abortus were spread over the whole cell surface, the 
layer would be about 0.025/i thick, whereas B, aerirycke, xmder the 
conditions of Experiment 3, would be covered by a layer of 0.05/i 
thick. Neither quantity could increase the volume of the organism 
to the degree of the actual findings. 

It is possible to reconcile the opposed findings with bacteria and 
collodion by ass umin g that the surfaces of collodion particles are much 
rougher than those of bacteria. In aU probability much of the antigen 
lodges in crevices or pores in the collodion and when the antibody pro- 
tein is deposited on exposed antigen it fails to increase the particle 
surface appreciably. On the other hand, bacterial surfaces must be 
regarded as relatively smooth and the quantity of serum protein de- 
posited appears to be proportional to the quantity of antigen and con- 
centration of the antibody. The collodion particle probably possesses 
a surface out of all proportion to its diameter, while the bacteria’s 
surface is directly proportional to its diameter. Such reasoning seems 
to us to explain the quantitative difference in the amoimt of serum pro- 
tein absorbed by the sensitized collodion particle and by a micro- 
organism imder essentially the same conditions. 

It remains to advance an explanation which could account for 
volumetric differences of the agglutinated and unagglutinated bac- 
teria. It has been shown that the actual protein absorbed is insuf- 
ficient to account for the difference. Should the protein be in the form 
of a thin layer, four to eight molecules thick^ over the whole surface, 
then, when the organisms are packed by prolonged centrifugation, the 

- These calculations Tvere made from the data in Table HI and the diameter of 
a molecule considered as 6.2 x 10^ mm. 
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all the bacteria were agglutinated. We have attempted to correlate 
the volumetric increase with the quantity of protein adsorbed by the 
organisms during agglutination and have studied not only bacteria 
but collodion particles first sensitized to antigen and then agglutinated 
with a precipitin specific for the antigen. The increase in volume of 
the coUodion particles was small and the quantity of protein adsorbed 
relatively large. When two species of bacteria were agglutinated with 
their respective antisera the reverse was true; the apparent volume in- 
crease was much greater than the quantity of protein deposited dur- 
ing the reaction. There is, then, no direct correlation between pro- 
tein deposition and apparent increase in volume. Nevertheless, the 
results of experiments here reported have suggested an explanation 
for the fact of increase in volume. 
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Furthermore, treatment of rabbit testicular tissue and chick embryo 
tissue in the manner described by Eagles and Kordi for the preparation 
of the extracts leaves some cells not only alive but capable of prolifera- 
tion. Although the results of our work are not in accord with those 
obtained by Eagles and Kordi, we offer no explanation for the dis- 
crepancy. Nevertheless, one cannot examine the results of our work 
recorded in the six tables without recognizing the fact that in the t3T3es 
of media used the presence of viable cells appears to be essential for 
the multiplication of vaccine virus. Rabbit testicular tissue and bits 
of chick embryos support the regeneration of the active agent more 
efficiently than does rabbit renal tissue. 
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EXPLANATION OF PLATE 45 

Fig. 1. Photograph of a tissue culture prepared from chick embrj'O tissue that 
had been treated with hypertonic salt solution for 1 hour at room temperature. 
Note the evidence of active growth of cells. Unstained. X 30. 

Fig. 2. Photograph of a tissue culture prepared from chick embryo tissue that 
had been treated with hypertonic salt solution followed by freezing (ice box) and 
thanung once. Note the evidence of active growth of cells. Unstained. X 30. 



FURTHER OBSERVATIONS ON THE CULTIVATION OF 
VACCINE VIRUS IN LIFELESS MEDIA 

Bv THOilAS M. RIVERS, M.D., and S. M. WARD 
{From the Hospital of The Rockefeller Institute for Medical Research) 

Plate 45 

(Received for publication, February' 6, 1933) 

In a previous paper (1) we reported the results of attempts to culti- 
vate vaccine virus in a ‘^cell-free^^ medium described by Eagles and 
McClean (2, 3). We were unable to confirm the findin gs of these 
workers. Following the presentation of our paper for publication, a 
report by Eagles and Kordi (4) appeared in which they stated that they 
also were able to cultivate the virus in the absence of cells. Inasmuch 
as these investigators used a medium somewhat different from that 
employed by Eagles and McQean, it seemed advisable for us to deter- 
mine whether we were able to confirm their findings. This paper 
records the results of our work dealing with the matter. 

EXPEPBIENTAI. 

Eagles and Kordi (4) stated that they were able to obtain growth of 
vaccine virus in a medium consisting of a mixture of T3n:ode’s solution, 
rabbit serum, and an extract prepared from rabbit kidney tissue by 
means of a hypertonic salt solution and freezing. We have repeated 
their experiments according to the directions given in their paper. In 
view of the fact that vaccine virus multiplies more consistently in 
media containing bits of rabbit testicles or chick embryos than it does 
in media containing minced rabbit kidney (1), it seemed expedient to 
supplement Eagles and Kordi’s experiments by the use of extracts of 
these tissues. Furthermore, it seemed advisable to use at least two 
strains of vaccine virus. 

We say that we repeated Eagles and Kordi’s (4) experiments accord- 
ing to the directions given in their paper. We realize, however, that 
we may not have accomplished this, because these workers, as did 
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Extracts of Renal rt 55 i«e.— Extracts of renal tissue were made in the following 
manner; Both kidneys from a half-grown rabbit were removed aseptically. After 
the fat and pelvic tissue had been removed, the remaining kidney tissue, which 
weighed approximately 10 or 1 1 gm. , was divided into equal parts, placed in mortars, 
and thoroughly ground vdthout the addition of an abrasive. Then each portion 
was mixed with 1 cc. of a 9 per cent NaCl solution. One portion was allowed to 
stand 1 hour at room temperature after which time 9 cc. of sterile distilled water 
were added. The other portion was placed in the freezing compartment of a 
frigidaire (approximately — lO^'C.) where it was allowed to remain for 1 hour, 
during which time it became frozen. After it had been removed from the ice box 
and rapidly thawed, 9 cc. of sterile distilled water were added. Each portion was 
then placed in a tube and centrifuged for 1 hour at a speed of approximately 3,600 
R.P.M. The supernatant fluids were removed and again centrifuged for an hour at 
high speed. The supernatant fluids after the second centrifugation constituted 
the kidney extracts used in the preparation of the media. In each instance the 
supernatant fluids were carefully removed by means of 10 cc. pipettes, the tips of 
which were made of medium size capillary tubing. Such pipettes were used in 
order to avoid the fat floating on the surface of the fluids as well as the sedimented 
cells. 

Extracts of Testicular Tissue and Chick Embryo Tissue, — Testicular extracts 
and extracts of chick embryo tissue were prepared in a manner similar to that used 
for the preparation of renal extracts with the exception that 4 rabbit testicles 
(approximate weight 7-9 gm.) or 4 chick embryos (11 days old and weighing 
approximately 8-9 gm.) were used instead of 2 kidneys. 

Rreparalton of Cultures, — Inasmuch as two kinds of extracts were made from 
the tissues, e.g. one made at room temperature, the other obtained by freezing and 
thawing, two sets of cultures were prepared in each experiment. The cultures 
were prepared in the following manner: 1 part of extract centrifuged twice, 1 part 
of serum centrifuged twice, and 1 part of Tyrode’s solution were mixed and seeded 
with vaccine virus (the amount used was sufficient to insure the presence of con- 
siderable virus) from which viable tissue cells had been removed or killed by centri- 
fugation and repeated freezing and thawing. The material was then distributed 
in 2 cc. amounts to Carrel D flasks. Usually there were 3 flasks for each kind of 
medium. 

Incubation of Cultures, — ^The cultures were incubated at 37®C, for 3 or 4 days. 

Titration of Virus in Cultures,— Tht titer of the virus in the cultures before 
incubation was determined by means of intradermal inoculations (0.2 cc.) in rab- 
bits of dilutions of the cultures. After incubation the titer was again determined 
in the same manner. At first the material in each flask was titered. It was found, 
however, that such a procedure was not essential for this work and then all the 
flasks (usually 3) containing similar cultures were pooled before titration. 

Controls,— E^ch time extract cultures were prepared, a number of control 
cultures were made and usuaUy consisted of (1) bits of minced viable tissue (2) 
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tions of high tinctorial value resulted in an immediate entrance of the coloring 
matter into the minute lymphatics of the locality rendering them brilliantly 
visible. The anatomy of the lymphatics and the secondary distribution of the 
dyes could be readily followed. The permeability of the wall of the l 3 TOphatic 
capillaries could be gauged by observing under the microscope the rate of escape 
of dye from the intact channels into which it had passed. 

Several dyes were used, in special the highl}^ diffusible patent blue V and Nep- 
tune blue, and the very poorly diffusible pontamine sky blue and Chicago blue 
(1, 6~8), Because of the tendenc}^ of these latter to leave a long-enduring mark, 
owing doubtless to storage in the local macrophages, most of the experiments were 
done with readily diffusible dyes, which are only temporarily stored if at all (9, 10). 
Save in a few exceptional instances noted as such, the dyes ^vere used in aqueous 
solution isotonic with 0.9 per cent sodium chloride, as determined by freezing point 
determinations with a Beckman apparatus. Of the materials emplo^^ed, ponta- 
mine sky blue^ is isotonic with bloodina 21.6 per cent water}^ solution, Chicago blue** 
in 17.1 per cent, patent blue in 11 per cent and Neptune blue- in 5.5 per cent 
(1, 3). The amount of dye present in such percentages was far greater than was 
necessary for the work. Consequently the autoclaved solutions were diluted with 
Tyrode^s solution sterilized by filtration at the time when the experiment was to be 
done. Sterile homologous serum obtained b}^ vein puncture was occasionally 
used as a vehicle for the dye. 

For the injection, a uniform teclmic was employed. The freshly prepared solu- 
tion of d^’^e was taken into a syringe graduated to 0.01 cc. both barrel and plunger, 
and prepared by dry sterilization. The skin of tlie volar surface of the forearm, 
or unfrequentl}^ of the inner surface of the lower thigh was gentl}^ cleansed w'ith 
tincture of green soap and sponged off witli 60 per cent alcohol, wdth avoidance of 
rubbing. The region for injection was then covered with a dr}^ sterile sponge, the 
s\’ringe was capped with a 29 gauge hj^podermic needle or a special 30 gauge 
platinum iridium needle; with the free hand the region to be injected was firmty 
grasped from beneath and the skin was gently drawn taut. The injecting needle 
was now thrust superficial!}" into the epidermis at an angle of 45° and %vith tire 
bevel down, was brought as nearly parallel witli the skin surface as possible and 
inserted further. Rocking the bevel of the needle a trifle, and at tlie same time 
expressing a minute quantity of dye, caused the tom lymphatic capillaries to take 
up the colored material immediately. Even the gentlest pressure frequently 
caused some of the dye to flow backwards about the shaft of the needle and escape 
to the skin surface, obscuring the injection field and marring the test, 

Most of the injections were made under the dissecting microscope. To increase 
visibility sterile neutral paraffin oil was flooded on the skin either before or after 
insertion of the needle. 


^ Du Pont Dyestuffs Corporation. 
* General Dyestuffs Corporation. 
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TABLE I 

Culiivalton of Vaccine Virus in Kidney Extracts 


Tirae of titration 

Mixed kidney extracts 
plus testicular cells, 
serum, and Tyrodc's 
solution 

Serum, Tyiode’s 
solution, and 
kidney cells 

, Kidney extract 
prepared at room 
temperature plus 
serum and - 
Tyrodc's solution 

Kidney extract 
prepared by 
freezing plus 
serum and ^ 
Tyrode*a solution 

Before incuba- 

20,000 



20,000 

tion 

After incuba- ' 
tion for 4 
days 

100,000 

pooled 



Flask 1 100 

2 100 
“ 3 100 


SmmnaTy of results obtained in an attempt to cultivate a dermal strain of 
vaccine virus in extracts of rabbit kidney. The strain of virus employed has 
been cultivated for several years in modified tissue cultures. The virus multiplied 
in the medium containing testicxdar ceOs but decreased in amount in the extract 
media and in the medium containing kidney cells. The titer of the virus varied 
very little, if any, in the different flasks containing extract media. 


TABLE n 

Cidlimiion of Vaccine Virus in Kidney Extracts 


Time of titration 

Mixed 
kidney 
extracts 
plus minced 
testicular 
tissue 

Minced 

kidney 

tissue 

Ground 

kidney 

tissue 

Kidney 
tissue 
salted 
at room 
temper- 
ature 

Kidney 

tissue 

sailed 

and 

frozen 

1st 

super- 
natant 
from 
kidney 
tissue 
salted 
at room 
temper- 
ature 

1st 

super- 

natant 

from 

kidney 

tissue 

salted 

and 

frozen 

2ad 
super- 
natant 
from 
kidney 
tissue 
salted 
at room 
temper- 
ature 

2nd 

super- 

natant 

from 

kidney 

tissue 

salted 

and 

frozen 

Before incubation 

i 

10,000 

10,000 


10,000. 

10,000 

10,000 

10,000 

10,000 

10,000 

After 4 days in- 
cubation. 3 

flasks pooled 




10 

10 

100 

1 

1,000 

100 

100 


Summary of results obtained in an attempt to cultivate the Levaditi neuro-vac- 
cine virus in extracts from rabbit kidney tissue. The different media vrere made as 
described in the text and the cultures contained the material listed at the head of 
each column plus serum and T>Tode’s solution. Multiplication of the virus oc- 
curred in the extract medium containing viable testicular cells; the virus main- 
tained its original titer in the medium containing minced kidney tissue; the titer 
decreased in all other media. ^ 
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the last one shown in Fig, 1. Escape took place later from the otlier dye-contain- 
ing channels. 

It is plain that the lymphatic capillary wall is highl}'' permeable for the very 
diffusible patent blue V. So rapid and abxmdant was the escape in such an ex- 
periment as that just described, that within a few minutes the definition of the 
individual capillaries was lost save at the margin of the stained region. By this 
time, too, the tissue into which the needle had been thrust had become distinctly 
edematous. Within an hour, the edema had spread and with it the diffuse inter- 
stitial coloration as well. For the next few hours, secondary dispersion of the dye 
continued while tlie color intensity of the stained region faded proportionally. 
After 8 to 10 hours it became possible once again to see the minute blood vessels 
around the site of pxmcture, and edema and hyperemia were but barely perceptible. 
There was no pain or tenderness. By the next day, the coloration of tlie skin had 
disappeared, leaving only faint traces which remained for 48 or even 72 hours. 
The site of the needle puncture remained visible sometimes as a colored point for 
several days, but the regions that d 3 ^e had reached only by secondary escape from 
injected lymphatics were alwa 3 ^s practically decolorized within 24 hours. The 
urine shows traces of the d 3 ’'e as earl}’' as 1 hour after the injection and occasional!}" 
for as long as 18 hours, 

^^^len 0.1 cc. of the d 3 ’'e was very rapidl}’’ injected there resulted a localized, 
sharply demarcated swelling elevated 1 to 3 mm., which spread to a diameter of 
only 1 to 3 cm., Lastead of the greater distance observed when the injection had 
been slow. The removal of d 3 ^e w"as mpre rapid than in experiments such as that 
just described. 

t 

The Pcrmcahilily of the Lymphatic Capillaries in Hziman Skin 

In earlier work from this laboratory the rate of the escape of vital 
dyes of knowTi diffusibility from Ijrmphatic capillaries of the mouse ear 
has served as a means of studying the permeability of their walls and 
the factors influencing tliis permeability. Our present experiments 
have shown that pontamine sky blue escapes more slowly from the 
intact Ijonphatic capillaries of normal hiunan skin than does Chicago 
blue in equimolecular solution, while patent blue V, and also Neptune 
blue, escape more readily than either of the pigments first mentioned, 
the rate of escape of all four dyes being roughly proportional to tlieir 
diffusibility through collodion membranes. This is true also of the 
entrance of these dyes through the intact lymphatic wall, as will be 
brought out further on in the paper. Increasing the concentration of 
any one of the dyes quickens its rate of escape while a decrease re- 
tards it. The presence of human blood proteins (serum admixture) 
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also unsuccessfd. In this experiment one set of subcultures was made 
and the results of the work recorded in Table TV show that the virus 
multiplied only in the media containmg minced testicular tissue. 

Chick Embryo Extracts 

One attempt to cultivate a dermal strain of vaccine virus in extracts 
of chick embiy^os was unsuccessful. In this experiment a set of sub- 

TABLE IV 


Culiivaiion of Vaccine Virus in Testicular Extracts 


Time of titration 

Minced 

testicular 

tissue 

Ground 

testicular 

tissue 

, Testic- 
ular 
tissue 
salted 
at room 
temper- 
ature 

Testic- 

ular 

tissue 

salted 

and 

frozen 

1st 

super- 
natant 
from 
testicular 
tissue 
salted 
at room 
temper- 
ature 

1st 

super- 

natant 

from 

salted 

and 

frozen 

testicular 

tissue 

2nd 
super- 
natant 
from 
testicular 
tissue 
salted 
at room 
temper- 
ature 

2nd 

super- 

natant 

from 

salted 

and 

frozen 

testicular 

tissue 

Before incuba- 
tion 



|H 

100,000 


100,000 

100,000 

100,000 

1st culture. 3 
flasks pooled 




100 


10,000 

10,000 

10,000 

2nd culture. 3 
flasks pooled 


Undi- 

luted 

10 







Summary of results obtained in an attempt to culti^^ite the Levaditi neuro- 
vaccine virus in extracts from rabbit testicular tissue. The different media vrere 
made as described in the text and the cultures contained the material listed at the 
head of each column plus serum and Tyrode’s solution. Each set of cultures v/as 
incubated 4 days. J^Iultiplication of the virus occurred only in the medium con- 
taining minced testictilar tissue. 

At the time transfers were made, the virus imdenvent a twenty-fivefold dilution. 
— indicates that no virus was demonstrable. 

cultures was also made. Plasma cultures of the minced tissue, the 
ground tissue, and the tissues treated with hypertonic salt solution 
and a single freezing and thawing were set up. The results obtained 
are recorded in Table V and reveal (1) that the virus multiplied only 
in the media containing bits of minced tissue, ground tissue, or tissue 
treated with h^ertonic salt solution for 1 hour at room teinperature- 
(2) that all chick embr 3 ^o ceUs were not kiUed by grinding and treat- 
ment with hypertonic salt solution and freezing and thawing once. 
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capillaries frequently failed to be entered bj' it. Manj' injections were made in 
each specimen, using for some the same technic which was employed to fill the 
lymphatics witli d 3 fe during life. In other instances, to prepare a way for the 
injection, a finely ground dissecting needle was thrust into the corium and then 
pushed parallel to the skin surface for 2 to 4 cm. The procedure carried out under 
the binocular microscope, ruptured many of the superficial lymphatic capillaries, 
and when a30 gauge platinum hj’^podermic needle was forced into the puncture track 
and injecting fluid introduced through it, many more tymphatics of the superficial 
plexus filled, at times over a larger area, than in the ordinary test in the living 
subject. Both methods of injection of the skin specimens gave similar findings, 
save that the one just described jdelded more completely injected preparations. 

At once after injection all specimens were chilled in normal saline solution and 
fixed in acid-formalin or alcohol. For examination some of the injected regions of 
each specimen were sectioned in the usual manner, others were cleared and preserved 
in oil of wintergreen for study, and still others, which had been cleared, were stained 
in solid slices about 1 mm. thick with dilute hematox 3 din and eosin, 3 delding most 
beautiful preparations which showed clearty tire position and relationships of the 
injected superficial l 3 Tnphatic capillaries. 

All specimens regardless of the age or sex of the individual, yielded 
pictures of tlie lymphatics having similarities either to those of Figs. 
1 or 2, every gradation between the two being found. In certain 
specimens a rich superficial plexus of lymphatics was readily disclosed 
while in other specimens fewer of tlie superficial lymphatics and more 
of the deeper draining trunks took up the injection fluid. But even in 
tlie latter specimens, it was possible to show tlie presence of the rich 
superficial plexus — if several injections were made witli great care 
under the microscope. Because of individual peculiarities of the skin 
the needle tended, in some specimens, to pass too deeply or else not 
deeply enough to inject the superficial plexus well. To this simple 
cause the pronounced difference in results seemed wholly attributable, 
hlorc will be said of the results in a subsequent paper. 

Cleared and stained, injected specimens and sections thereof show 
the l}Tnphatics described by others, namely superficial lymphatic 
capillaries Ijdng in the papillary stratum of the corium with blind ends 
extending into the papillae — and a deeper capillary plexus in the lower 
layer of the corium and the tela subcutanea. The existence of these 
plexuses has long been known and recently their relationships have 
been well shown by diagrams such, for example, as that of Neumann 
(10) reproduced from von Brunn (11) in Bartels’ monograph (12). In 
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minced tissue, ground tissue, and tissue treated with hypertonic salt 
solution and freezing (ice box) and thawing once, while no growth was 
observed in preparations of cells frozen (CO 2 snow) and thawed 5 
times. 


TABLE VI 

CuMivalion oj Vaccine Virus in Chick Embryo Extracts 


Time of titration 

Minced embryo tissue 

_ 

Ground embryo tissue 

Cells salted at room 
temperature 

c 

u 
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0 
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s s 
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:S c 

y •— 
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Cells salted and frozen 
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0 0 

II £ 
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^ ^ 
E 

C 5 

c 

^ *= 
“•ss 

B B 

0 0 

0 

5 =5 CJ 

III 

55" E 

go- 

^ 0 
1 2 5 
S S.S 

3 « s 

Before incubation 

10,000 

10.000 

10.000 

10.000 

10.000 
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Summary of results obtained in an attempt to cultivate the Levaditi neuro-vaccine 
\’irus in extracts from chick embryos. The different media were made as described in the 
text and the cultures contained the material listed at the head of each column plus serum 
and Tyrode’s solution. One set of subcultures was made, hlultiplication of the virus in 
2 successive sets of cultures took place only in the medium containing minced chick embryo 
tissue. The plasma preparations showed that treatment of chick embryo cells with, salt 
and freezing (once at —lO^’C.) did not kill all the cells, while no growth of cells was ob- 
tained from tissue that had been frozen (CO 2 snow) and thawed 5 times. 

At the time transfers were made, the virus underwent a twenty-fivefold dilution. 

The first set of cultures was incubated 4 da 3 rs; the second set, 3 days. 

— indicates that no \ims was demonstrable. 


SUMifARY AND CONCLUSIONS 

We have made ten attempts to cultivate vaccine virus in tissue 
extracts prepared accordmg to the method described by Eagles and 
Kordi (4) . Renal, testicular, and chick embryo extracts were employed 
with a dermal strain of vaccine virus and with the Levaditi strain of 
neuro-vaccine \drus. In no instance were we able to show that the 
xlrus multiplied in the extract media. Both of these strains of virus, 
however, multiplied in media containing bits of minced \nable tissue! 
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Demonstration of the Superficial Lymphatic Plexus 

The sequence of events which follows an injection has been studied 
under the binocular microscope and photographed by a microcinema 
camera. Immediately upon introduction the dye solution passes into 
and along the lymphatic capillaries, rendering visible an exceedingly 
rich plexus of them which is all the more remarkable because it is 
wholly undisclosed by the ordinarj’^ means of examination of the skin 
(Figs. 1 to 6). As the injection continues, dye extends along the 
lymphatics (Figs. 1 and 2) often for a distance of 5 to 8 cm. from the 
needle point. This is best seen when slow, gentle pressure is exerted 
upon the injecting syringe, for imder these circumstances the vessels 
take up most of the injected solution, only a little passing interstitially. 
When rapid injections are made, the l 3 miphatic capillary plexus often 
becomes obscured by a localized intense coloration, only a few chan- 
nels that drain from the margin of the colored area being visible 
(Fig. 7). 

The photographs of Figs. 1 and 2 reproduce the findings at a magnification of 
approximately 3/ 2. For purposes of detail Figs, 3,4 and 5 give some enlargements 
of Figs, la, Id, le respectively- In the test with the individual H (Fig. 1), 0.2 cc. of 
11 per cent aqueous, isotonic solution of patent blue V was injected into the skin of 
the forearm. The dye was expressed from the syringe in about 80 to 85 seconds, 
only a little more slowly than in the ordinary* clinical intradermal injection. The 
pictures selected represent the state of affairs at 15 or 30 second intervals, save for 
the last pictures of each figure which were taken 30 seconds after the termination 
of the injection. The pictures show the course of events during the injection and 
immediately after it. 

Imm ediately that dye enters the tissue it passes directly into and along the 
lymphatic capillaries, even though the least possible pressme is put upon the 
syringe plunger. In the experiment of Fig. 1, within 30 seconds after beginning 
the injection the plexus of lymphatics showed d^-e over an area 14 to 15 mm, in 
diameter (Fig. 16), and in 45 seconds the colored plexus was 2.5 cm. (Fig. Ic) wide. 
Within 1 minute and 15 seconds the outlines of the vessels first entered became 
blurred by dye that had escaped secondarily from them into the interstitial spaces 
through the hunphatic wall (Figs. Id and 4). Thus the channels nearest the needle 
became completely obscured by a cloud of color. After the needle was withdrawn 
(Figs. Ic and 5), dye continued to extend along the channels at the periphery of 
the injected region. This extension after the injecrion is completed, and* the 
abundant escape of dye from the channels in which it has been present longest is 
well seen in Fig. 6, an enlargement from a photograph taken about 5 minutes after 



762 


tesh% iw.er4ic:"rit\f”“'' »« upon a ScW^a ’^'' '‘>«'onaa “ 

“ -■» -.e c.= -Sin r. srs«'r; 

The ^3^phatics of the mrr’ 

ofnoiC!tld”‘Md" 

permeability of tb sooner obscured ? ^“®e 

an injured relf!'^?n& ™ 1 I to pa ^t v '"'i«-=nd 

=>= if it osZTlTr '’5'^ ^nemed Tpl ST T “ «^nat in 

a,“S&"-S;s ; t ” -Sts 
”'y tts tt ■:sii= - " St 

'^ery striking were-fk. , . 

«f3"^^yeStnto^ 

oemng ^e dye showed a diff^ V P^font bhie^^fh ^ Minutes after the 

^•niphatics whatever could I deeply green ' ’hui f^^eremic area re- 

still be seen -iereas7n Se a^L 7 - 

^Iccl of Local Injection nf J ‘^"'^^oss. ■'^oent normal skin, they 

"•ere tested for tlieir re ^ -_m . 

and Dick test tovins ^o mtradermal inoculnf^''^ Mdividuals, M and H 

‘jPta vaccine „r ^ZvTCT S f 

Sharply to the SclnVl- f . ^°^^f^oard of Health a . ' to tlie stand^-ri 

intradermal injection of to“i‘7i’ 

. . concentrated strenfn '^nccines was tho co ‘ technic for tJie 

■"Wdo„ a dcveloplef^/^O'ous to™ caaecd “Ijif ™ dyes 
J,f “"Of ••"ui about 1.5 cm to?’‘''""“'°us macules 5 ^ 1 ^ “Uudcrmal 



STEPHEN S. mJVACK axm 

•UACK AND PHILIP d iTcJIASIE 

™‘®ce of fadividml^W “ “'■* “ot be delafled h 

'3»Plaacs n.erito ren.aS “ ''■= Penoeabffi^. ‘ffc 3 !“' 

PeraPP^e olnSy South’ 

t *■= e-Pe S'.SeS’l™ 3“* * 

«»»c« eS’S“ et;S.,°"' tfcnT Sf “ ~”.- 

Dye can be introrf 

o. ... 

deeper draining trunT^^^S^^ ^^ost at o° diffi- 

available iccluli- ^P°“a of the breast v°'^ ““Piiicus tb f°^i®°fieni ina. 

^r5:“““^25s^s? 


764 


° ^^eriments all nf f, ^’^nniediate finding ^ ^ P°°^niine sK- 

^AhatTcTap^j/ ^ 

irrespective of the^jr!^^ i^ore perme^r"^’ 

iiial injection into areas^infl of the latter Vu 

escape from the Jvmnn ^^iti toxins and J mtrader- 

removed in much i»ore ranidi secondaiy 

of a si -ntV ” required ^yes arT 

are changed to col^ij^^' • ^^ernative expii^ 
entertained since fi. derivatives in the indaT^ ^e dyes 

f ^ ^ndinii -;-ahIe ^ ^ 

«\e experiments unon I of decolorhafl less 

skin decolorized in abn our exn obtained in 

‘ke controls. one-fourth the time inflamed 

^e necessary m the case of 

■•" - m.en u.e r '".hTn 2”“‘-''’>^ «'* fo^a- 


STEPHEN S. HUDACK AND PHILIP D. McMASTER 


757 


the past von Recklinghausen (13), Gerota (14), MacCaUum (15) and 
others have noted the extreme superficiality of the lymphatic vessels 
of human skin; but it seems to us that the richness of this plexus of 
superficial Ijnnphatics has not been sufficiently emphasized. This 
has resulted from the failure of many workers to inject the channels 
completely. When thick dye solutions, heavy India ink suspensions 
and injecting masses were utilized by us to obtain permanent prepara- 
tions only incomplete injections of the lymphatic capillaries resulted. 

That we have been dealing with actual vessels and not artifacts was proven by 
the characteristic appearance of the vessels when filled with colored fluid, by the 
speedy drainage into lymphatic vessek high up in the arm when injections were 
made into living skin and by the finding of endothelial lining cells about the ink- 
filled channels in cut and stained sections from amputated skin. Frequently, to 
be sure, in making permanent preparations, the injected fluid broke out into the 
interstitial spaces, an occurrence readily recognizable in the gross and in cut sec- 
tions, as MacCallum has already shown (15). Occasionally, too, in making an 
injection in skin removed from the body the needle point became lodged too super- 
ficially, among the homy cells of the corium. In these instances the injecting 
fluid entered the epidermis itself and spread out yielding an intercellular injection 
which in the gross has a rough likeness to a lymphatic injection in that the dye solu- 
tion w^as distributed like the strands of a net. When such injections w^ere ex- 
amined under the binocular microscope, and later, wben sections were examined, 
they could readily be recognized as spurious. 

The fact that a single injection of isotonic dye solution into living 
skin fills the superficial lymphatic capillaries over an area 3 to 5 cm. 
in diameter, or more, deserves special remark for it shows as have 
the fixed preparations, the existence of innumerable anastomoses 
among those lymphatic vessels lying in the papillary stratum of the 
corium, vessels which escape recognition in ordinarily stained sections. 

Recently Handley (16) discussing the role of skin lymphatics in 
the genesis of cancer, has stressed the anatomical relationships of 
these vessels as shown after injection. This author pictures small 
groups of six or eight blind papillary lymphatic capillaries, each group 
a unit as it were, meeting to form a common vessel w^hich passes 
through the tela subcutanea to form with other similar vessels the 
subcutaneous l^pbatic plexus. ^He holds that in the subpapillary 
layer of the corium only a few of these vessels anastomose and as evi- 
dence for this view (16) cites a specimen injected by Hyrtl but never 
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rowing or blocking their lumina combined with such an increase in 
the permeability of their walls that they no longer retain and pass on 
their contents. 

The Effects of Histamme 

A study was now made of the lymphatics in the wheals produced 
by histamine. 

In some initial experiments histamine solutions containing dye were injected 
into normal skin, result being that the two substances were distributed together. 
In five experiments 1 part in 50,000 of histamine w'as present in an aqueous solu- 
tion of patent blue V (11 per cent), injections were made simultaneously of the 
dye solution witli and without histamine. The skin of the volar surface of the 
forearms of the two subjects was utilized. The injections were made 5 to 7 cm. 
apart, at the same level on the arm. Whealing occurred in 2 to 3 minutes with 
the histamine-containing dye solution. During the preliminarj’’ period and in 
the following 2 minutes, far more dye escaped from the lymphatics than in the 
localities injected with control solution. Thereafter the swelling caused by the 
histamine mLxed with dye obscured the findings so that further comparisons were 
not possible. In four other experiments the test mixture consisted of histamine 1 
to 100,00 and patent blue V in 5.5 per cent concentration with Tyrode’s solution 
as tlie diluent to preserve isotonicity. The control solution, a 5.5 per cent solu- 
tion of patent blue V in Tyrode’s solution and containing no histamine was in- 
jected at the same time. Although in these instances the formation of wheals 
was slower, similar results obtained, sho\\dng that histamine in 1 to 100,000 in- 
creased the permeability of the lymphatic capillar}^ wall. 

In sLx furtlier experiments, 1 to 50,000 water}'- histamine solution was pricked 
into a region of skin in which tlie l}Tnphatic capillaries had been injected 2 minutes 
prcvdously witli 11 per cent, aqueous, isotonic patent blue V. As usual the pro- 
cedure caused the development of a wheal, and as the wheal developed the pres- 
sure at its extending margin squeezed the colored solution along the vessels into 
the normal skin beyond, a course of events plainly visible under the microscope. 
Dye which had already escaped into the interstitial fluid and had colored the 
latter diffusely was also pressed out of the whealing area. The result was that 
the wheal became surrounded by a darkly colored ring, itself appearing pale 
against a dye-stained patch. 

In seven experiments 0.005 to 0.01 cc. of a watery 11 per cent isotonic solution 
of patent blue V was injected into the sldn over a freshly and fully formed hista- 
mine wheal. The dye solution passed at once into the lymphatics, was retained 
by them and extended along them just as in ordinar}’ skin. The lymphatics ap- 
peared to he less compromised by pressure than in the wheals produced by strok- 
ing, and dyc-slained fluid passed into and along them. During a period of 6 to 
10 minutes dye solution escaped hardly at all into the interstitial fluid, but instead 
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the skin of the arm and thigh, the regions subjected to investigation, 
the superficial lymphatic network is continuous, material injected at 
one spot often spreading directly through the channels of a large 
area. The abundant anastomoses deserve emphasis because of a 
further finding that every least wound of the corium tears lymphatics 
open with result that material enters them directly. Scratches which 
merely abrade the epidermis witliout entering the corium facilitate 
absorption through the walls of tlie intact, underlying l3TOph channels. 

To judge from our experiments the permeability of the l}miphatic 
capillaries in the skin of man and in the ear of the mouse appears to 
be similar in nature and degree ( 2 ), tlie lymphatic wall behaving like a 
semipermeable membrane, irrespective of whether dye is passing in or 
out of the vessel. Before considering the latter conclusion as definitely 
established it would be desirable to carrj’^ out more work upon human 
skin with highly indiffusible dyes; but unfortunately the use of these 
leads to prolonged discoloration and hence they cannot be used freely. 
Since little is known about the physiological effects of the dj'es actually 
used it has seemed best to exercise caution in their employment upon 
human beings, limiting the experiments so far as possible. 

Slight causes suffice to increase greatly the permeability of the 
minute lymphatics. A stroke on the skin of an indi^udual susceptible 
to whealing causes practically at once sucli a change in the l3unphatic 
walls that dyes ordinarily held back by them for some time pass 
through at once. This is the case also when the skin has been slightly 
inflamed bj’’ the application of heat or ultraviolet light, and during 
the more considerable inflammation tliat results from the intradermal 
injection of a bacterial toxin or of killed pathogenic bacteria. How 
great may be the effect of very mild heat, or of moderate exposure to 
sunlight we are unable to say; but judging from the general similarity 
of tlie results of our experiments on man to those with the mouse 
already reported bj'^ us, it seems probable that such stimuli, well 
within the realm of the normal, may much increase lymphatic per- 
meability. 

The clinical significance of these findings is not inconsiderable. 
So much material enters the Kmphatics when an intradermal inject- 
tion is made that everv’ injection of the sort is to a greater or less extent 
intraUmphatic injection. In some individuals material injected in- 
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vaccine 2 or 3 years previously. In both asevereskinresponsenowfollov/edintra- 
dermal injection of 0.05 cc. of this vaccine. Following three intradennal injec- 
tions of 0.02 to 0.03 cc., given at one time on the volar surface of the forearm, 
axillary tenderness developed after 2 hours and 1 or 2 hours later the axillar>" nodes 
became palpable. In 12 hours infla med l 3 Tnphatic trunks could be perceived 
coursing from the region of injection, with hj'peremic zones along them. After 
22 hours headache and malaise developed. 

To determine the l>Tnph movement after intradermal injection of the several 
toxins used, some preliminary' tests were made with pontamine sky blue or patent 
blue V, which were added to the injection material, using 1 volume of isotonic 
watery dye solution to 20 or to 10 parts of toxin respectively. In every’’ instance, 
the fact could be made out that the material injected entered and coursed along 
the lymph capillaries like an ordinary dye solution. Pontamine sky” blue was 
mixed with the typhoid vaccine in an attempt to determine whether the bacteria, 
entering a puncture, would pass into the lyonphatics as w^ell. The dye of the mix- 
ture passed directly’ into the lymphatic capillaries. It was impossible to recognize 
the bacterial bodies themselves with the available apparatus. 

In the experiments proper no dy'e was added to the toxins or vaccines. Within 
24 hours, after the injection, each of the test materials had produced areas of in- 
flammation and these were used for the experiments. Fig. 9a, taken from one of 
these, shows the ery’thematous macules arising from four injections of 0.01 cc. of 
the streptococcus toxin, photographed 18 hours and 45 minutes after inoculation. 
To show the eryihema the photograph was taken with a Cooper-Hewritt light. 
The arm had been used as ordinarily’ since the injection. In Fig. 95 the same arm 
appears 40 minutes after an injection of 0.01 cc. of 11 per cent patent blue V into 
three of the four macules, Mi, ^f 2 , and Ms, Macule M 4 was left untouched as 
a controL Three areas of normal skin, Ci, C2, C3, were given similar injections of 
dye solution at approximately the same time. Thereafter, in the time interval 
between the injection of dye and the taking of the next photograph for Fig. 9c, 
the arm was not rested or protected in any’ way' but was used as ordinarily’ in the 
course of laboratory work. In the instances, Figs. 95 and 9c, the Cooper-Hewitt 
light was not used but the photograph was taken through an orange G Wratten 
filter to accentuate the blue color. As result the deep red uninjected macule 
(M4) is difficult to see. Fig. 95 shows the injected hy-peremic areas deep in 
color, and the injected control areas more irregular and much paler. The lyun- 
phatics in the region of inflammation proved so permeable that the injected dy'e 
passed at once from the ly'mph channels into the interstitial tissue to ydeld an even, 
deep coloration. The same amount of dy'e injected into the control areas Ci, 
C 2 , Cg, wras more widely' distributed through the lymph channels, escaped much 
more slowly' into the interstitial spaces and colored the tissue irregularly'. 

Fig. 9r is a photograph of the same arm 3 hours and 10 minutes later. Already’ 
the major portion of the coloring matter has disappeared from the inflamed regions 
into which it was injected whereas the control areas remain heavily' colored. These 
were not entirely' free from dy’e 18 hours after injection by’ which time the inflamed 
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instances the lymphatic wall behaves like a semipermeable membrane. 
The permeability of the human l3Tnphatic wall like that of the mouse 
is subject to rapid and great changes. A stroke on the skin with a 
blunt instrument to produce a wheal, causes the lymphatic capillaries 
to become so permeable temporarily that dyes pass through their walls 
as if practically no barrier existed, instead of being held back for a 
greater or less period. Slight inflammation due to heat, ultraviolet 
light or bacterial products has a similar effect. So, too, has histamine. 
When fluid pours rapidly into the tissue from the blood, as when a 
wheal is formed, the Ijmiphatics are compressed and their efficiency 
as drainage channels is interfered with. 

These facts are briefly discussed in their bearing upon skin phenom- 
ena in general. The l3anphatics cannot be disregarded in consider- 
ing such phenomena, in which it is plain tliat they have a large share. 
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In six experiments, a solution of equal parts of aqueous isotonic Neptune blue 
and homologous serum was injected intradermally during the latent period. 
Wherever the dye-containing Ijmiph channek crossed the area eventually involved 
in the wheal, there was dye escape from them, whereas from those outside the 
region of stroke no such escape occurred. These findings with human skin cor- 
roborate the results in mice (2) (see Fig. 1 of paper referred to). 

Pontamine sky blue in isotonic approximately 1 per cent solution, that is to say, 
0.1 cc. of isotonic 21,6 per cent aqueous dye solution mixed in 2.16 cc. of homolo- 
gous serum, passes out of normal human skin lymphatics very slowly. Only 
after 15 or 20 minutes is extravascular color seen. This poorly diffusible mixture, 
injected during the latent interval after stroking, and extending along the lympha- 
tic capillaries within the area which had been stroked, escaped from the channels 
in the line of stroke. 

In the experiments with pontamine blue the fact was noted with the microscope 
that as the wheal developed it pressed the colored fluid along the channels and out 
of the region involved. Two intradermal injections of 0.1 cc. of isotonic 1 1 per cent 
patent blue V in Tyrodek were made into a normal area of skin on the forearm. 
When 4 hours had elapsed, and the dye had spread evenly through the interstitial 
tissue forming two colored patches across which the skin was firmly stroked 
to evoke a wheal. On both sides of the line of stroke wheal formation became 
visible 2 minutes later and in 3 minutes was well defined, with sharp margins. 
At this time the photograph reproduced in Fig, 8 was taken imder a pool of oil, 
held from flowing away by plasticine placed on the skin roimd about. Although 
the definition thus obtained was excellent the phenomena were more marked to 
the naked eye than in the figure which does not render the color contrast in its 
entirety. Along each side of the relatively pallid wheal was a dark line of dye. 
The dye in this line lay in the interstitial tissue, not in the l>miphatics and must 
have been pressed out of the wheal region by the edema fluid. Tests of the sort 
described vrere repeatedly made on the same subject and the results were always 
the same. As the wheal edema developed it compressed the lymphatics contigu- 
ous to the injury, as could be directly seen, thus narrowing or blocking the chan- 
nels. This point has been demonstrated by applying patent blue V to a scratch 
made in the region where whealing has just started, according to the technic al- 
ready described, or introducing it by means of a needle pimcture. The appearance 
of the dye in the l>Tnphatics in which the test was made immediately after the 
whealing stroke or after the wheal had begun to regress was not delayed as com- 
pared with the event in instances above. 

The experiments show that the lymphatics of the skin submitted to 
a whealing stroke become at once abnormally permeable; that as the 
wheal develops fluid previously present in the region involved is forced 
into the surrounding skin, and that the Ijunphatics in the wheal re- 
gion lose their effectiveness as draining channels. This last change 
would seem to be the result of direct pressure on the lymphatics nar- 
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Plate 49 

Fig. 9a. Four erythematous macules IS hours and 45 minutes after intradermal 
injections of 0.01 cc. of a streptococcus toxin described in the text. To bring out 
the differences from the normal skin the photograph was taken ^Yith a Cooper- 
Hewitt mercury arc light. An old scar, directly above the antecubital fossa is 
to be ignored. 

Fig. 9h. The same arm shown in Fig. 9a, 1 hour and 10 minutes later, and 40 
minutes after an injection, of 0.01 cc. of an 11 per cent patent blue V in Tyrode’s 
solution, into the macular areas ilfi, ifo and Mz- Three similar control injec- 
tions were made intradermally into the normal skin, at Ci, Co, C 3 . The arm has 
for the moment been supinated slightty for photographic purposes so that areas 
ilf 1 , and M 3 appear higher than the others. To bring out the blue color of the 
dye, the photograph was taken through an orange Wratten G filter with result 
that the uninjected macule which was actually deep red appears almost in- 
visible. 

The hyperemic areas receiving the dye are now of a deep blue color owing to its 
rapid secondary escape into the tissue from the l}Tnphatic capillaries into which it 
had at first passed. The injected control areas are much lighter in color, for in 
these the dye was more widel}'’ distributed through the l 3 Tmphatics before its 
escape. 

Fig, 9 c. The same arm 3 hours and 10 minutes later. The findmgs are now 
wholly different, the control areas being much the darker, ovdng to an almost 
complete dccolorization of the inflamed ones. 
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the injected l}Tnphatic channels became paler and were apparently cleared of dye 
in 12 to 18 minutes. During the regression of the wheal the dye in the IjTnphatics 
appeared to be diluted rapidly. 

It would seem from these findings that the abnormal permeabilit>' of the lym- 
phatics noted immediately after histamine injection no longer existed in the full3^ 
formed wheal. Lewis (18) in his studies of the responses of blood vessels of the 
skin called attention to the finger-like extensions of histamine wheals as indicative 
of a spread of the substance through the l>mphatics, with its subsequent escape 
and secondary wheal formation along the course of the vessels. In some of our 
experiments evidence was obtained in support of this supposition. 

In five instances fully formed histamine wheals with finger like projections were 
elicited by puncturing the skin through a drop of aqueous, histamine solution 1 to 
1000 dilution. Subsequent intradermal injections of the dye were made directly 
into the skin overljmg the wheal. In all five instances as the dye solution was 
carried away in the Ijmphatic channels vessels of this sort were disclosed passing 
directly along the axis of the whealed finger-like projections. It seemed clear that 
the histamine must have escaped from them and given rise to the secondaiy” 
whealing about them. 

The experiments show that lymphatic capillaries affected his- 
tamine allow dye to pass into the interstitial spaces more readily than 
do those of the normal skin, a state of affairs also found in skin sub- 
mitted to stroke for whealing pmposes. Although histamine clearly 
increased the permeability of the lymphatic wall in the experiments in 
which the substance was injected together with dye solution, this did 
not seem to be the case when dye was injected into fully formed wheals. 
As whea li ng developed the fluid previously present in the skin was 
forced into the adjacent tissue and the lymphatics wn thin the whealed 
region were compressed. 


DISCUSSION 

The experiments here presented show that it is possible to study' 
directly the lynnphatics of living human skin. They have demon- 
strated the existence of a rich plexus of minute lymiph vessels in the 
superficial layer of the corium, a fact many- times proved by others 
but not ordinarily taken into accoimt in appraising the factors in- 
volved in skin reactions. Some have supposed the capillary lyonphat- 
ics to be di\dded into small groups, each group draining into the tela 
subcutanea and essentially separate from the others because of the 
absence of superficial anastomoses. We find on the contrary that in 
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tradermally spreads through the superficial lymphatics of a consider- 
able area whereas in others it is more localized, a difference due, as we 
have found, to differences in skin texture such that in some persons 
the injecting needle tends to penetrate deeper than in others, with 
result that material is deposited mainly beneath the lymphatic plexus. 
To this fact, certain of the differing individual reactions to intradermal 
test injections that are observed clinically, can be laid. In both types 
of individuals, however, injected material finds its way promptly 
into the large dra inin g lymphatics. The rapidity of this occurrence 
when minute quantities of dye-containing solution are introduced into 
the skin proves that the flow along the lymphatics draining the skin 
is rapid even when the limb is at rest, and by corollary that fluid 
turnover within the skin must be abundant. Dye can often be per- 
ceived in the lymphatics at the axilla within 10 minutes after the 
injection of 1/50 cc. of dye-containing solution into the skin of the 
forearm. It follows that not only is an intradermal injection an intra- 
lymphatic one, often almost entirely so, but it is also to some extent 
a general injection, not merely a local one — ^more or less of the material 
introduced passing quickly along the lymphatics to the blood stream. 

The work of previous authors has led them to conclude that there is 
almost no lymph flow from the resting limb. But they employed 
anesthetized creatures, animals which had not the greatly specialized 
skin of the human being with its abimdance of blood vessels provided 
for highly* developed functions. The fact should, however, be men- 
tioned as bearing on our findings that a reason for the rapid passage of 
dye-bearing l3miph to the axilla may be found in the circumstance 
that only a few of the l)Tnphatics draining the forearm enter the supra- 
trochlear or epitrochlear glands, most of the injected dye being carried 
directly into the lymph channels of the upper arm. This does not 
alter the fact that lymph flow from the hinnan cutis is remarkably 
rapid. Earlier work on the lymphatics in the ear of the mouse has 
led us to believe that peripheral lymph turnover in this organ as well 
is great (2). Working vdth dogs, Field and Drinker (19) reported 
the fact that subcutaneous injections of horse serum appeared in the 
lymph draining from an injected limb, but did not do so more rapidly 
when multiple injections were made, e\ndence that direct injection of 
thcjymphatics did not occur. The point illustrates well the differ- 
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A furtlier word may be said upon the process of wheal formation 
since the interpretation of this phenomenon well illustrates the current 
disregard of lymphatic fimctioning. The fact is well known that the 
minute blood vessels involved in the wheal become abnormally per- 
meable even to the point of letting out substances which would not 
otherwise pass into the tissue, as for example Congo red ( 22 ). Eut it 
has not been realized that concurrently the lymphatics become more 
permeable and that though this is the case they, like the blood vessels, 
become so compressed by the wheal fluid that their efficiency as dram- 
age channels is interfered with. Herein lies a reason why wheals 
become sharply delineated. However, a complete imderstanding of 
wheal formation and disappearance necessarily waits upon further 
knowledge. 


SUMMARY 

A technic is described for the demonstration of lymphatic capiUaries 
in living skin and for their study. By means of vital dyes injected 
intradermally these vessels can be rendered plainly visible. They 
form an extraordinarily abundant anastomotic web. The least 
scratch, one which does not penetrate through the epidermis, gives 
rise to such conditions that lymphatic absorption readily takes place 
from the abraded surface; and so close-meshed is the l3Tnphatic web 
that an intradermal injection with even the finest h3rpodennic needle 
tears some of the constituent vessels open with result that they undergo 
direct injection. In many mdi\dduals much of the fluid introduced at 
an ordinary intradermal injection, like that made in the clinic, spreads 
through the superficial lymphatic network, whereas in others it tends 
to enter the deeper lymphatics at once, the difference being due to 
merely physical factors determined by skin texture. Normal flow 
along the skin l3nnphatics is rapid even when the body is at rest, dye 
introduced into the skin of the resting forearm reaching the axilla 
within a few minutes. The observations make plain the fact that every 
intradermal injection is an intralymphatic one, often preponderantly 
such, while furthermore every local injection into the skin becomes 
within a few minutes a general one, so rapidly is the introduced mate- 
rial transported to the blood. 

The normal permeability of the skin l3Tnphatics of man is approxi- 
mately the same as that of the mouse. Tests indicate that in both 
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A further word may be said upon the process of wheal formation 
since the interpretation of this phenomenon well illustrates the current 
disregard of lymphatic functioning. The fact is well known that the 
minute blood vessels involved in the wheal become abnormally per- 
meable even to the point of letting out substances which would not 
otherwise pass into the tissue, as for example Congo red (22). But it 
has not been realized that concurrently the lymphatics become more 
permeable and that though this is the case they, like the blood vessels, 
become so compressed by the wheal fluid that their efficiency as drain- 
age channels is interfered with. Herein lies a reason why wheals 
become sharply delineated. However, a complete imderstanding of 
wheal formation and disappearance necessarily waits upon further 
knowledge. 

SUMMARY 

A technic is described for the demonstration of lymphatic capillaries 
in living skin and for their study. By means of vital dyes injected 
intradermaUy these vessels can be rendered plainly visible. They 
form an extraordinarily abundant anastomotic web. The least 
scratch, one which does not penetrate through the epidermis, gives 
rise to such conditions that lymphatic absorption readily takes place 
from the abraded surface; and so close-meshed is the lymphatic web 
that an intradermal injection with even the finest hypodermic needle 
tears some of the constituent vessels open with result that they undergo 
direct injection. In many indiriduals much of the fluid introduced at 
an ordinary intradermal injection, like that made in the clinic, spreads 
through the superficial lymphatic network, whereas in others it tends 
to enter the deeper lymphatics at once, the difference being due to 
merely physical factors determined by skin texture. Normal flow 
along the skin l 3 anphatics is rapid even when the body is at rest, dye 
introduced into the skin of the resting forearm reaching the axilla 
within a few minutes. The observations make plain the fact that every 
intradermal injection is an intralymphatic one, often preponderantly 
such, while furthermore every local injection into the skin becomes 
within a few minutes a general one, so rapidly is the introduced mate- 
rial transported to the blood. 

The normal permeability of the skin lymphatics of man is approxi- 
mately the same as that of the mouse. Tests indicate that in both 
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EXPLANATION OF PLATES 
Plate 46 

Figs. 1 and 2. Successive stages in the distribution of dye during injection of 
the skin of two individuals, M and H. Patent blue V in 11 per cent solution was 
used, 0.1 cc. of it in the subject M, 0.2 cc. in H. The photographs were selected 
from a moving picture film to show the course of events or further some characteris- 
tic individual differences. Magnification X 3/2. 

Plate 47 

Figs. 3, 4 and 5. Enlargements of a, d and e of Fig. 1. These figures show 
the spread of dye in the rich network of lymphatics Ijdng in the subpapillary layer 
of the corium. In Fig. 5 the spread has continued after removal of the injecting 
needle; in the upper left hand comer a pointer marks a region of such spread. 
Magnification X5. 

Fig. 6. The edge of the injected area shown in Fig. 1, 5 minutes after the last 
picture was taken. The rapid escape of dye from the lymphatics has obscured 
their outlines in a dense blue cloud. At the margin many small lymphatics can 
be seen draining away the dye. ^Midway between these and the bleb is an area 
in which dye is escaping from the l)anphatics into the interstitial spaces. 

In the lower right comer a deep draining lymphatic is visible. It is one of those 
channels which lie in the subcutaneous fatty layer of the skin. 

Plate 48 

Fig. 7. The results of the rapid injection of minute quantities of dye solution 
into the skin of M. Photograph taken 6 minutes after two simultaneous injec- 
tions of 0.02 cc. of patent blue V, each injection extending for a period of seconds. 
At this time — but too faint to show in the photograph — dye could be seen in a 
draining trunk close to the axilla. Some dye escaped along the needle to the skin 
surface forming heav>' oblong marks. 

Fig. 8. The displacement of dye-stained interstitial fluid by the pressure of 
a wheal. 0.1 cc. of 11 per cent patent blue V in Tyrode’s solution was injected 
intradermally in two places and 4 hours later when it had spread diffusely through 
the tissue, wheal formation was evoked by a firm stroke across the colored regions 
and the skin surface was covered with paraffin oil. 3 minutes later, the photo- 
graph was taken. The wheal appears as a broad pale band along the horizontal 
line of stroke. On both sides of it, there can be made out a dark line of dye- 
stained interstitial fluid displaced by the wheal fluid. 
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esses involved in bringing about this and other profound physiological 
changes encountered. The present work was undertaken to correlate, 
if possible, the described alterations in the blood with the excretion of 
various ions, particularly sodium, occurring during the development of 
adrenal insufficiency. For this purpose relatively complete balance 
studies have been made on dogs before and after adrenalectomy. 

EXPERIMENTAL 

Most of the analytical methods employed have been described elsewhere (5-7). 
Sodium was determined according to the method of Butler and Tuthill (8), The 
urine, stool and food specimens used for the determination of sodium w^ere ashed 
in the muffle oven at 470°C. before anatysis and potassium was removed from the 
urine, because of its high concentration. 

Adult male dogs weighing between 13 and 15 kilos served as the experimental 
subjects. The animals were given diets consisting solety of ground, raw, lean beef 
and received daily rations of 400 or 500 gm. for periods of 2 to 14 weeks before 
balance studies were begun. On this diet the}’' remained in good health and their 
general nutrition improved. At the beginning of the observations sufficient meat 
to last 7 days was ground up and thoroughly mixed. The daily rations were then 
weighed carefully, wrapped in waxed paper and kept on ice xmtil used. A sample 
of each lot of meat was dried and analyzed for total inorganic base, Na, K, Ca, Cl 
and total nitrogen. Water was allowed ad lib. The animals ate their food with 
relish until the 4th day after the second adrenal gland was removed, when their 
appetites decreased rapidly. On only one occasion was vomitmg encountered in 
this work. Dog 2 vomited undigested meat once on the 5th day following the 
second adrenalectomy. The vomitus was dried and analyzed and deductions 
were made from the food intake. 

When the experiments were started the animals were catheterized and placed 
in the metabolism cage, where they remained continuously. The urine was col- 
lected imder toluol and at the end of each period the dogs were catheterized. The 
cage w^as scrubbed and washed with 1500 cc. of distilled water, except in the case 
of Dog 1, where it was merely rinsed with 500 cc. of distilled water, and these 
washings were added to the urine of the period. Urine specimens were analyzed 
for total inorganic base, Na, K, Ca, Cl and total nitrogen. 

Stools were collected during each period and were usually formed. Occa- 
sionally there were soft stools and slight adnuxture with urine specimens resulted in 
these instances. This had little quantitative or qualitative effect upon the results, 
as the tables show that the stools contained only minute amounts of the electrolytes 
otlicr than calcium. In the case of Dog 2, a little bloody mucus was passed follow- 
ing the second adrenalectomy. Stools were analyzed similarly to the food and 
urine specimens. 

Blood studies were carried out on 50 to 80 cc. samples of blood removed from the 
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ELECTROLYTE BALANCE STUDIES IN ADRENALECTOM- 
IZED DOGS WITH PARTICULAR REFERENCE TO 
THE EXCRETION OF SODIUM 
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A characteristic clinical picture develops as the loss of inorganic base 
from the body progresses in diabetic acidosis, in severe diarrheas (11), 
in high intestinal obstruction and probably in certain other pathologi- 
cal states. The changes encountered are profound weakness, prostra- 
tion, dehydration, anorexia, nausea, vomiting, fall in blood pressure, 
shock at times accompanied by anuria, retention of non-protein nitro- 
gen, decrease in the concentration of the chloride ion in the blood and 
frequently a fall in the bicarbonate content of the serum. In view of 
the fact that this clinical picture is also characteristic of that present in 
severe adrenal insuflSciency, the blood of three patients suffering from 
Addison’s disease was studied mth the result that a striking decrease 
in the sodium content of the blood serum was found (1). Marine and 
Baumann (2), in 1927, showed similarly that the sodium content of 
the blood of cats decreased following bilateral adrenalectomy, and 
suggested that sodium salts might have a “specific action” in prolong- 
ing the life of these animals. Zwemer (3) has also found, in addition 
to other abnormalities, a decrease in the sodium concentration of the 
blood of adrenalectomized cats. More recently, Harrop and Wein- 
stein (4) have shown a slight drop in the total base of adrenalectomized 
dogs. 

It is thus apparent that a decrease in the sodium concentration of 
the blood is a constant finding in both Addison’s disease and in adrenal- 
cctomized animals. Since these obser\’’ations have been limited 
entirely to the examination of the blood, nothing is known of the proc- 
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the second adrenalectomy, the urine volume was augmented from a dafly average 
of 315 cc. in the fore period to 405 cc. Thereafter, when the animal became 
severely ill and took neither food nor fluid, the volume fell sharply. This accounts 
for the fact that the daily volume as presented in Fig. 4 is less following adrenal- 
ectomy than before, in contrast with the other animals in which the periods pre- 
sented in the figure were closed before the animals reached a moribund state. 
Fig. 4 shows that in addition to the actual increase in sodium excretion following 
removal of the second adrenal gland there is also an increase in relation to the water 
output. No such change was noted as a result of the operative procedure at which 
the first gland was removed. Blood-. Numerous studies of the blood were made 
(Table II) and show no significant variations before the second adrenalectomy. 


TABLE n 


Ohservaliojis on the Blood of Dog 1 


Date 

Total 

base 

Total 

add 

Non- 

pro- 

tem 

nitro- 

gen 

Pro- 

tein 

Pro- 

tein 

HCO, 

Cl 


Na 

Remarks 

1932 

per 

liter 

m.-eq. 

per 

tiler 

mg. per 
100 cc. 

per 

cent 

m.-tq. 

per 

liter 

per 

liter 

n.-eq. 

per 

liter 

m.-eq. 

per 

liter 

m.-eq. 

Per 

liter 


Sept. 20 

162.3 

154. 1 

28 

7.86 

18.6 

26-1 

109.4 

5.2 

148.0 


Sept. 28 

158-5 

152.8 

30 

7.34 

17.3 

26.5 

109.0 

4.5 

149.0 


Oct. 6 

156.3 

149.0 

37 

,6.58 

15.5 

24.7 

108.8 

4.5 

146.6 


Oct. 19 

158.8 

150.2 

31 

6.74 

15.9 

25.0 

109.3 


147.9 

Ist adrenalectomy on 
Oct. 20 

Nov. 2 
Nov. 11 

156.3 

149.7 

26 

214 

6.78 

7.31 

16.0 

17.3 

25.2 

108.5 
88, 8 

! 

1 

4.9 

15.4 

147.3 

127.5 

! 

2nd adrenalectomy 
on Nov'. 4. Last 
blood taken after 
death 


The last blood sample vras imfortunately taken from the right heart shortly after 
death on the morning of the 8th day after operation. The changes are all similar 
to those seen in the other animals, except that the K content of the blood was 
greatly increased. As the blood was slightly hemolyzed and was taken after 
death, this determination is of little \alue. The drop in Na and Cl concentrations 
was 20 m.-cq. per liter, and was accompanied by an increase in non-protein nitrogen 
to 214 mg. per 100 cc. Siools'. Analyses of the fecal matter after adrenalectomy 
failed to reveal changes from those of the fore period and the actual amounts of 
Na, K and Cl excreted were minimal. 

Dog 2.—The first adrenal gland was removed from this animal 1 month before 
the metabolic obsen-ations were begun and it was kept on the standard meat diet 
for 3 weeks before the beginning of the balance study, the results of which are showa 
in Fig. 2 and Tables III and IV. During the fore period, which lasted 27 da vs, 
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the second adrenalectomy, the urine volume was augmented from a daily average 
of 315 cc. in the fore period to 405 cc. Thereafter, when the animal became 
severely ill and took neither food nor fluid, the volume fell sharply. This accounts 
for the fact that the daily volume as presented in Fig. 4 is less following adrenal- 
ectomy than before, in contrast with the other animals in which the periods pre- 
sented in the figure were closed before the animals reached a moribund state. 
Fig. 4 shows that in addition to the actual increase in sodium excretion following 
removal of the second adrenal gland there is also an increase in relation to the water 
output. No such change was noted as a result of the operative procedure at which 
the first gland was removed. Blood: Numerous studies of the blood were made 
(Table II) and show no significant variations before the second adrenalectomy. 


TABLE n 


Observations on the Blood of Dog 1 


Date 

Total 

base 

Total 

add 

Non- 

pro- 

tein 

nitro- 

gen 

Pro- 

tein 

Pro- 

tein 

HCOj 

Cl 

K 

Na 

Remarks 

1932 

m.-eg. 

per 

liter 

m.-eq. 

per 

liter 

mg. per 
too cc. 

per 

cent 

m.-eq. 

per 

liter 

m.-eq. 

per 

liter 

m.-eq. 

liter 

m.-eq. 

per 

liter 

m.-eq. 

per 

liter 



162.3 

154.1 

28 

7.86 

18.6 

26.1 


5.2 

148.0 


Sept. 28 

158.5 

152.8 

30 

7.34 

17.3 

26.5 

109.0 

4.5 



Oct. 6 

156.3 

149.0 

37 

6. 58 

15.5 

24.7 


4.5 

146.6 


Oct. 19 

158.8 
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150.2 

31 

6.74 

! 

15.9 

25.0 

109.3 

4.8 

147.9 

1st adrenalectomy on 
Oct. 20 

Nov. 2 
Nov. 11 

156.3 

149.7 

26 

214 

6.78’ 

7.31 

16.0 

17.3 

i 

i 

25.2 

108.5 

88.8 

4.9 

15.4 

147.3 

127.5 

2nd adrenalectomy 
on Nov. 4. Last 
blood taken after 
death 


The last blood sample was unfortunately taken from the right heart shortly after 
death on the morning of the 8th day after operation. The changes are all similar 
to those seen in the other animals, except that the K content of the blood was 
greatly increased. As the blood was slightly hemolyzed and was taken after 
death, this determination is of little value. The drop in Na and Cl concentrations 
was 20 m.-eq. per liter, and was accompanied b}’ an increase in non-protein nitrogen 
to 214 mg. per 100 cc. Stools: Analyses of the fecal matter after adrenalectomy 
failed to reveal changes from those of the fore period and the actual amounts of 
Na, K and Cl excreted were minimal. 

Dog 2 , — ^The first adrenal gland vras removed from this animal 1 month before 
the metabolic observations were begun and it wzs kept on the standard meat diet 
for 3 weeks before the beginning of the balance study, the results of which are shov.Ti 
in Fig. 2 and Tables III and IV. During the fore period, which lasted 27 days, 
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experiment NUrogcni As in the case of Dog 1, nitrogen equilibrium main- 
tained during the first 5 days after operation, T^hile the dog 'was still able to eat 
Waier: It may be seen from Fig. 4 and Table HI that during the first 5 days follow- 
ing adrenalectomy the daily urine volume increased over the daily volume of the 
fore period. Nevertheless, the concentration of Na in the urine actually increased 
as it did in Dog 1. Blood: The sample of blood taken on the 6th day after the 
second adrenalectomy showed striking changes from the analyses made before and 
after the first adrenal gland had been removed (Table IV). The total inorganic 
base decreased 13 m.-eq. per liter, the Na concentration fell 12 rru-eq. per liter and 
the K increased 1 nu-eq. per liter. The fall in Na was accompanied by a loss of 7 
m.-eq. per liter of chloride and about 9 m.-eq. in the concentration of bicarbonate. 
The non-protein nitrogen increased from a normal level to 185 mg. per 100 cc. and 
this occurred during a period of relative diuresis. The serum protein concentra- 
tion increased but slightly. The fact that the difierence between the total in- 
organic base of the blood serum and the summation of those acid radicals deter- 
mined by analysis increased only slight^ after the second gland was removed, 
suggests that the loss of Na was probably not the resiilt of acidosis. 

Dog 3 . — The right adrenal gland was removed from this animal almost 3 months 
before the period of metabolic study was begun. It was given a standard diet of 
500 gm. of lean meat 2 weeks before the collection of specimens was started and 6 
days before the experiment began, this ration was decreased to 400 gm. dail\’' and 
was maintained at this level. The dog was almost moribund on the morning of 
the 7th day after the second adrenalectomy and was chloroformed after the last 
sample of blood had been taken. This animal did not vomit and there was no 
diarrhea \mtil the 5th day after the second operation. The data obtained from 
the study of this dog are presented in Fig. 3 and in Tables V and \T. Sodium: 
As in the other dogs, there was a striking increase in the sodium excreted in the 
urine during the first 4 days following the second adrenalectomy (Period III). 
The daily balance changed from an average of -f 1-1 uL-eq. in the fore period to 
—22.6 m.-eq. as Lasufficiencj’' developed. The total loss of Na from the body in 
these 4 daj^s amounted to 90.4 m.-eq. During the next 2 da^'s when the dog had 
stopped taking nourishment, and after 80 cc. of blood bad been removed on each 
of the 2 successive days, the Na excretion fell to 5.0 m,-eq. and 7,0 m.-eq. re- 
spectively. Polassium: As in the other dogs, there was no increase in K excretion 
following the second adrenalectomy, although the balance was negative, again 
probably resulting, at least in part, from the decrease in food intake. Chloride: 
Following the removal of the second adrenal gland, there resulted, as in Dogs 1 and 
2, an increase in Cl excretion as compared with the fore period, and in this animal 
too, it will be seen that this loss is not as great as that of sodium. Chloride excre- 
tion decreased during the last 2 days of life, as did the elimination of the sodium 
ion. Calchtm: The negative Ca balance present in this animal is even more strik- 
ing than in the other dogs and this quantitative diilerencc might perhaps be ex- 
plained by the fact that it had received a pure meat diet for a shorter time before 
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FACTORS IN RESISTANCE TO INFECTION. I 


TABLE I 


Comparative Mortalities of Uitselccted and All Selected Susceptible and Resistant 
Rockefeller Institnte Lines Folloioing Intraslomachal Instillation of B. enteritidis 

Mouse Typhoid 


Unselected mice 


Date 

o 

a 

No. injected 

No. dead 

Dead 

Dose 

mo 




per 






ccnl 


Aug. 





6* 

Sept. 





6 

Oct. 





6 

Nov. 





6 

Dec. 

6 

52 

21 

40.3 

6 

mt 






Jan. 

6 

45 

17 

37.7 

6 

Feb. 

6 

55 

12 

21.8 

6 

!Mar. 

6 

53 

19 

35.8 

6 

May S 





6 

8 





6 

June 

6 

26 

10 

38.5 

6 

July 

6 

29 

9 

31.0 

6 






5 

Aug. 

6 

50 

18 

36.0 

6 






5 

Sept. 

6 

21 

8 


4 

Oct. 1 

6 

47 

15 

31.9 







4 

15 





5 

Nov. 

6 

48 

17 

35.4| 







5 

Dec. 

6 

50 

26 


5 

mz 






Jan. 

6 

50 

17 


5 

Feb. 

6 

51 

18 

35.2 

6 

Mar. 

6 

50 

24 

48.0 


Apr. 

6 

47 

16 

34.0 


May 

6 

50 

22 



June 

6 

47 

19 


5 

Totals 


771 





Susceptible mice 

Resistant mice 

-a 

o 




u 



8 




o 



is 

o 

ri 

o 


d 

15 

rt 

o 

d 

U 

a 

o 

P 

d 

5?; 

o 

Q 



per 

cent 



■ 

/er 

cent 


48 

45.2 

6 


B 

4.3 


133 

49.8 

6 


0 

0.0 


121 

52.8 

6 

16 

0 

0.0 

217 

100 

46.0 

6 

29 

4 

13.8 

167 

68 

40.7 

6 

24 

8 

33.3 

27 

14 

51.8 

6 

31 

3 

9.6 

48 

35 

72.9 

6 

51 

7 

13.7 

111 

97 

87.3 

6 

67 

B 

10.4 

278 

256 

92.0 

6 

122 

B 

11.5 

139 

122 

87.7 

6 

136 

B 

13.2 

143 

115 

80.4 

6 

121 

B 

9.1 

6 

6 

100.0 

6 

18 

3 

16.7 

99 

69 

69.6 

7 

67 

8 

11.9 

44 

39 

88.6 

6 

29 

2 

6.9 

86 

70 

81.3 

7 

56 

3 

5.3 

67 

37 

55.2 

7 

100 

9 

9.0 

23 

8 

34.7 

7 

133 

8 

6.0 

162 

122 

75.3 

7 

139 

22 

15.8 

154 

105 

68.1 

7 

151 

37 

24.5 

59 

47 

79.6 

7 

171 

16 

9.3 

76 

53 

69.7 

7 

52 

16 

30.7 

26 

25 

96.1 

6 

48 

8 

16.6 

93 

64 

68.8 

/ 

8 

1 

12.5 

154 

105 

68.2 

7 

201 

29 

14.4 

44 

31 

70.4 

7 

152 

36 

23.7 

117 

86 

73.5 

7 

114 

25 

21.9 

2,942 




2,265 




5 X 10^ 
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Swingle ei al. (10) have recently stated that the accumulation of non- 
protein nitrogen is secondary to the fall in blood pressure and the 
consequent failure of renal filtration. The results of our experiments, 
as pointed out above, show that this hypothesis is imtenable. 

CONCLUSIONS 

1. Balance studies have been made on three dogs before and after 
adrenalectomy, performed in two stages. 

2. It has been shown that the sodium concentration of the blood 
decreases in adrenalectomized dogs, as is true in patients suffering from 
Addison’s disease and in cats experimentally adrenalectomized. 

3. There are also decreases in the chloride and bicarbonate con- 
centrations which together are approximately equivalent to the 
decrease in sodium. 

4. An increase in the potassium concentration of the blood occurs 
after adrenalectomy, as reported in other studies. There is no obvious 
correlation of this change with changes in potassium balances. 

5. The balance studies show a striking loss of sodium from the body 
during the development of adrenal insufficiency. This loss of Na results 
from an increased excretion of sodium in the urine and is not compli- 
cated by loss of base as a result of vomiting or diarrhea. 

6. Following adrenalectomy, both the total amount of sodium and 
its concentration in the urine are markedly increased. This increase 
in concentration of sodium occurs in spite of an augmented urine 
volume. 

7. The behavior of the chloride ion following adrenalectomy paral- 
lels that of the sodium ion, but the loss is not equivalent. 

8. During the period of accumulation of non-protein nitrogen in 
the blood, the rate of water excretion by the kidney is even greater 
than before removal of the adrenal glands. 

9. The possibility of a regulatory effect of the adrenal glands upon 
sodium metabolism and renal function has been discussed. 

The writers are indebted to Miss Blanch Baxter, IMiss Natalie 
Brj*an, Miss Marjorie Clark, !Miss Evelyne Kfrueger and ^liss Ruth 
Jillson for their technical assistance in this work. 
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Swingle et al. (10) have recently stated that the acdunulation of non- 
protein nitrogen is secondary to the fall in blood pressiire and the 
consequent failure of renal filtration. The results of our experiments, 
as pointed out above, show that this h 3 qDOthesis is untenable. 

CONCLUSIONS 

1. Balance studies have been made on three dogs before and after 
adrenalectomy, performed in two stages. 

2. It has been shown that the sodium concentration of the blood 
decreases in adrenalectomized dogs, as is true in patients suffering from 
Addison’s disease and in cats experimentally adrenalectomized. 

3. There are also decreases in the chloride and bicarbonate con- 
centrations which together are approximately equivalent to the 
decrease in sodium. 

4. An increase in the potassium concentration of the blood occurs 
after adrenalectomy, as reported in other studies. There is no obvious 
correlation of this change with changes in potassium balances. 

5. The balance studies show a striking loss of sodium from the body 
diuing the development of adrenal insufficiency. This loss of Na results 
from an increased excretion of sodium in the urine and is not compli- 
cated by loss of base as a result of vomiting or diarrhea. 

6. Following adrenalectomy, both the total amoimt of sodium and 
its concentration in the urine are markedly increased. This increase 
in concentration of sodium occurs in spite of an augmented urine 
volume. 

7. The behavior of the chloride ion following adrenalectomy paral- 
lels that of the sodium ion, but the loss is not equivalent. 

8. During the period of accumulation of non-protein nitrogen in 
the blood, the rate of water excretion by the kidney is even greater 
than before removal of the adrenal glands. 

9. The possibility of a regulatory effect of the adrenal glands upon 
sodium metabolism and renal fimction has been discussed. 

The writers are indebted to Miss Blanch Baxter, Miss Natalie 
Br>-an, hliss Marjorie Clark, Miss Evelyne Krueger and Miss Ruth 
Jillson for their technical assistance in this work. 
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FACTORS IN RESISTANCE TO INFECTION. I 


per cent; following 50,000 baciUi, 1/lOOth of the standard dose, 60.4 
per cent. 

The fifth selection was made by choosing the fourth generation sires 
and dams whose progeny had proved most susceptible to the small test 
doses of B. enieriiidis and obtaining further fifth generation litters, 
Sb, for breeding. 19 sires and 48 dams were secured from Line 1 and 
16 sires and 39 dams from Line 2. Brother to sister matings were 
made as usual. 270 progeny, 54 litters, from Line 1, and 197 progeny, 
41 litters, from Line 2, were given a test injection of 100,000 B. enfcri- 
iidis, l/50th of the usual standard dose. The mortality of aU progeny, 
76.6 per cent, did not differ significantly from that of progeny of the 


TABLE V 

Susceptible Lines of Rockefeller Institute Mice. Resztlts of Progeny Tests Following 

Fifth and Sixth Selections 


Line 

5denti6“ 

cation 

No. sires 

No. 


Progeny tested 


Remarks 

dams 

i No. 
Utters 

No. 

progeny 

1 No. 
dead 

Bead 







per cent 


1 

19 

48 

54 

270 

215 

79.6 

Fifth selection, 100,000 or- 

2 

16 

39 

41 

197 

143 

72.6 

ganisms per mouse 

1 

6 

12 

12 

74 

61 

82.4 

Sixth selection, 100,000 or- 
ganisms per mouse 


fourth selection, 82.2 per cent, receiving a like dose of B. enieriiidis 
(Table V). In Line 1 there was no change, but in Line 2 there oc- 
curred a decrease in mortality. This inconsistency is discussed later. 

The sixth selection was carried out in a similar manner. At present 
progeny tests are complete on six sires and twelve dams, the sixth 
generation (Sc) of Line 1. The mortality of twelve seventh generation 
litters, totaling 74 mice, S2.4 per cent, following the test injection of 
100,000 bacilli (Table V), was not significantly different from that of 
the sixth generation progeny, 79.6 per cent. 

Resistant Lines {Table VI ). — ^The first selection was made by 
choosing survnvors of 600 unselected mice, given B. enieriiidis, whose 
litters in turn likewise survived injection. The chosen animals and 
their subsequent progeny were free of the infection, as proved by re- 















INHERITED AND ACQUIRED FACTORS IN RESISTANCE TO 

INFECTION 

I. Development op Resistant and Susceptible Lines or IslicE 
THEOUGH Selecti\t: Beeeding* 

By LESLIE T. WEBSTER, M.D. 

{From the Laboratories of The Rockefdler Institute for Medical Research) 
(Received for publication, October 14, 1932) 

Resistance of the host to infection, although generally regarded as 
the resultant of both inherited and acquired forces, has been studied 
most intensively from the vieivpoint of the acquired elements which 
develop from contact of host and microorganism. Recently, however, 
the less defined influences associated with heredity and environment 
have been made subject to experimental study. 

Geneticists have shown that controlled lines of plants have definite and different 
amounts of resistance which are inherited. They have observed (1, 2) that inter- 
current infections may be more prevalent in some lines of animals than in others 
housed under similar conditions. They have injected large doses of specific bac- 
teria parenterally into birds and rodents and by breeding from survivors have 
developed lines increasingly resistant to these injections (1924 to 1933) (3-8), It 
is not clear, however, that these test animals have been free from the infections 
studied and from specific immunit>^ factors which could conceh’ably have devel- 
oped and invalidated the findings completely, Moreover, it has not been shora 
that the observed differences in reaction of the animals to the artificial injections 
are related to differences in resistance to the natural infections. 

In 1922 there were developed in this laborator^^ inbred lines of mice suitable for 
investigation in that they were proved to have had no exposure to the infections 
under study and to possess no acquired immunit}'. Moreov'er, a technique of 
infection was developed which was controlled and yet reproduced closelv all 
phenomena of the natural disease. Some lines of the mice proved consistently 
more and some less susceptible to experimental B. acrlrycke (9) and B. enterilidis 

* The author is indebted to Dr. M. R. Invin for procuring special strains of mice 
for formulating a modified Steenbock ration, and for assistance in developing th ’ 
breeding stock, to Mrs. K. B. Liedke and Miss .\. Johnson for assistance in carnin ^ 
on the work, and to Drs. C. L>Tich and J. Gowen for helpful criticisms of result- ^ 
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their entire services to the colony. Temperature is thermostatically controlled at 
72®. Floor and walls are washed and wiped weekly with 5 per cent l^-soL Racks 
with five shelves hold the standardized, galvanized iron cages. Bedding consists 
of autoclaved pine shavings. Cages are cleaned weekly by soaking in 5 per cent 
Ij’sol and scrubbing with soap and water. These measures have proved successful 
in keeping out intercurrent infections. The diet, put into clay cups every 2nd day, 
consists of a modified Steenbock formula suggested by M. R. Irwin — ^j^ellow corn- 
meal, 64 per cent; linseed oil meal, 16 per cent; crude casein, 5 per cent; ground 
alfalfa, 2 per cent; powdered milk, 5 per cent; wheat germ, 10 per cent; yeast, 2 per 
cent; sodium chloride, 0.5 per cent; calcium carbonate, 0.5 per cent; cod liver oil, 

2 per cent; water is available in drop bottles. All mice are identified by ear clip- 
pings. Matings are made when mice are 3 months old, one male to four females. 
Toward the end of the gestation period, the pregnant dams are removed to fresh 
individual boxes. The number of young bom is recorded. When they are 4 
weeks old they are separated according to sex and assembled six to eight per box. 
The dam is returned to the proper breeding box. Weight of j^oung at 4 and 8 
weeks is recorded. 

Methods of Experimental Infection , — ^Mice are given the test bacteria when 2 to 

3 months old. An 18 hour broth culture of B. enteritidis is diluted in broth to 
contain 5,000,000 organisms per 0,5 cc. This volume of diluted culture is ad- 
ministered by silver catheter intrastomachaliy to each individuaL The animals 
are then placed in individual glass battery jars containing shavings, food cups, and 
water, and kept in a special room. This procedure incites an infection which 
simulates the spontaneous one epidemiologically, clinically, and pathologically. 

Tcchniqne of Selective Breeding ExperimcJits , — The selective breeding of R. I. mice 
was carried out in the following manner. 500 females were mated at random with 
100 males. The young were weaned at 4 w’eeks. At this time the parents were 
given the standard dose of B. enteritidis. In instances in which both parents died 
within 10 days after infection, the progeny were reserved as the susceptible stock. 
Subsequent matings were made, brother to sister. In instances in which both par- 
ents survived the infection, the progeny were injected. If all progeny survived the 
surviving parents were tested twelve times for the presence of B, enteritidis in their 
stools. Those persistently negative were mated again. In instances in which two 
tested litters siuvived, a third litter was obtained and reser\"ed as the resistant 
stock. Matings were then made brother to sister. Subsequently, the established 
hrecdwg stock and all progeny have consisted of animals never exposed to infection 
Further selections have been made entirely on the basis of the progenj- test- that 
is, of per cent mortality of two Utters and fertilit>^ of sire and dam. In the cLe of 
the susceptible Unes, animals were discarded if two Utters showed a mortaUty less 
than 80 per cent, and in the case of the resistant Unes, a mortalit)^ greater than 20 
per cent. The tests were made at the first of each month. At the same time 50 
unselected mice, raised under identical conditions, were likewise tested as c tr 1 
The same mouse strain of B. crAcrilidis (10) has been employed thr^u^<^t 
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significant. Further comparisons of the mice are made on the basis 
of selection. 

Susceptible Lines . — ^The first selection of susceptibles (Table 11) was 
made by choosing the litters of unselected sires and dams, both of 
which had died 1 to 10 days after injection (see Technique). These 

TABLE n 

Susceptible Lines of Rockefeller Institute Mice. Results of Progeny Tests Following 

First Selection 


Progeny of Selected Parents Dying 1 to 10 Days after Infection 


Line 

identification 

Sire 

identification 

Ko. dams 


Progeny tested 


No. litters 

No. progeny 

No. dead 

Dead 

1 

223.0 

7 

24 

136 

119 

per cent 

87.5 

A 

288.0 

6 

11 

52 

45 

86.5 

2 

158 

4 

11 

59 

43 

72.8 

3 

127 

6 

20 

105 

74 

70.4 

B 

3.0 

4 

12 

64 

47 

73.4 

C 

277 

6 

8 

43 

31 

72.0 

D 

356.6 


14 

57 

40 

70.1 

E 

404 


13 

57 

40 

70.1 

E 

86.0 


6 

38 

26 

68.4 

G 1 

330.1 


13 

78 

47 

60.2 

H 

140 ' 


23 

127 

73 

57.5 

I 

81.0 


13 

87 

49 

56.3 

4 

106 

8 

27 1 

120 

56 

46.7 

5 

356.0 


16 

122 

61 

50.0 

J 

330.2 


16 

98 

48 

49.0 

K 

226 


12 

68 

32 

47.0 

L 

59 


14 

77 

27 

35.0 

M 

256.0 



41 1 

12 

29.3 

Total 

18 

108 

260 

1,429 

870 

60.9 


litters, Si, or possible lines, eighteen in number, never exposed to, in- 
fection, were then mated brother to sister and otherudse for progeny 
tests. From 7 to 27 litters containing 38 to 136 progeny were obtained 
from each line and tested. The average mortality of the 1,429 progeny 
from all lines was 60.9 per cent, significantly greater than that of the 
unselected control mice, 37.4 per cenU The progeny mortalities of 
• x" tests for significance of differences are given in Table \TL 
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totaling twenty mice with a mortality of 40 per cent, suggesting 
dominance of resistance. 

In the third selection (Table III), the five lines were retained but less 
susceptible individuals, as determined by the testing of two litters, 
were discarded (see Technique). Additional litters were secured from 
the selected susceptibles (S3) and brother to sister matings made. The 
mortality of aU progeny from the third selection lines was greater 
(Table m), 82.3 per cent, than that of progeny from the second selec- 
tion lines, 65.5 per cent. The third selection increased the mortalities 
of Lines 4 and 5 significantly but had no appreciable effect on Lines 1. 
2, and 3. 


TABLE rv 

Susceptible Lines of Rockefeller Institute Mice. Results of Progeny Tests Folloiving 

Fourth Selection 


Line 

identification 

No. sixes 

No. dams 

Progeny tested 

Dose 

No, litters 

No. mice 

No. dead 

Dead 




1 




percent 

1 


76 

5 X W 

10 

60 

51 

85.0 




5 X 10= 

9 

38 

34 

89.5 




1(P 

24 

129 

96 

74.4 



1 

5 X 10' 

9 ! 

43 

26 

60.4 

2 

8 

35 

5 X 10’ 

1 1 

6 

6 

100.0 

j 



1(P 

24 

124 

112 

90.3 

1x2 

1 

5 

1(P 1 

3 

18 

16 

88.8 

Totals 

25 

116 


80 

418 

341 

81.5 


In the fourth selection (Table W), aU but Lines 1 and 2 were dis- 
carded. Further elimination of less resistant and sterile indi%dduals 
resulted in a choice of 16 fourth generation sires and 76 dams of Line 1 
and 8 sires and 35 dams of Line 2, 84. Brother to sister matings were 
made, and from Line 1, 52 litters, totaling 270 progeny, were obtained 
and tested, and from Line 2, 25 litters, totaling 130 progeny. The 
dosage of B. cnlcritidis was decreased in order to make the basis for 
selection more rigid. The mortalitj- foUo-^-ing the standard instilla- 
tion of 5,000,000 bacilli was 85.0 per cent; following 500,000 bacilli, 
1/lOth the standard dose, 89.5 per cent; following 100,000 badlli, 74.4 
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peated tests (see Te«,ue). ““ f 

chosen “^’““1 ^rmortaUty of tie total 138 tested ^s 

subseque 90 ^er cent than that of the unselected mice, 3/. 4 

pStr ^it mortality of Lhres 1 and 3 proved significantly less, 16 


TABLE VI 



per cent, than that of the unselected mice; that of Line 2 did not differ 

markedly, 32.35 per cent. . .l- i. r u • u 

The 4cond selection was made withm these lines by saAnng sub- 
sequent uninjected litters (R.) from the parents whose previous prog- 
eny had survived the tests. Brother to sister matmgs were then 
made and progeny tested. The mortality of the total 546 proved 
significantly less, 11.3 per cent, than that of the progeny of the first 
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Reaction of Selected Susceptible and Resistant Rockefeller Institute Mice and Susceptible White-Face and Black-and-Tan Mice 
to an Intravenous Injection of 50,000 B. enteritidis Mouse Typhoid Bacilli 
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FACTORS IN RESISTANCE TO INFECTION. H 


fate of individuals following primary exposure to a natural infection. 
Innate susceptibility or resistance factors in the genetic sense were not 
sex-linked or related to body vigor, as expressed by unusual fertility or 
weight. Indeed, in so far as these experiments are concerned, all lines 
save possibly the white-face, were sturdy and normal. The genetic 
factors are probably multiple, with resistance dominant to susceptibil- 
ity. Again, the tissues of susceptible mice, not only at the surface but 
throughout the body, appeared more sensitive to B. enteriiidis tlian 
those of resistant mice, suggesting the general rather than local in- 
fluence of the inherent factors. Finally, the facts that the white-face 
line proved relatively susceptible to enteric, respiratory tract, and 
virus infections, the Rockefeller Institute susceptible lines relatively 
susceptible to enteric and respiratory tract, but resistant to virus 
infections, the Rockefeller Institute resistant lines resistant to enteric 
and respiratory and susceptible to virus infections, together with 
previous observations (8-10), indicate tliat genetic factors segregated 
by selective and brother-sister inbreeding and concerned with suscep- 
tibility or resistance to infection can operate consistently against a 
number of, but not necessarily all, harmful agents. 

CONCLUSIONS 

1. Mice witli relatively great inherent resistance to certain bacterial 
infections were heavier but not more fertile than mice with relatively 
little inherent resistance. Mice with relatively little inherent resist- 
ance were with one exception not abnormally low in weight. 

2. B. enteritidis given intrastomachally to susceptibles appeared in 
the blood stream more promptly, in larger numbers, and in a greater 
percentage of cases, and was present in feces in larger nvunbers, for a 
longer period, and in a greater percentage of cases than when given to 
resistants. 

3. INIice relatively resistant to B. enteritidis administered by the 
natural gastrointestinal route were likewise resistant to the organisms 
introduced subcutaneously, intraperitoneally, and intravenously. 
jNIice relatively susceptible to the organisms administered by the 
natural route were susceptible when the organisms were injected di- 
rectly into tissues and blood stream. 
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RHEUMATIC EEVER AISTD RHEUMATOID ARTHRITIS 


3, Peripheral Area , — Surrounding the cellular zone is a wide area of rather dense 
connective tissue. The connective tissue tends to be arranged circumferentially 
and consists of thick bundles of collagen fibers and more or less mature fibrocytes. 
Occasional, small, round cells are scattered throughout. It is this zone which 
apparently is largely responsible for the firm nodular character of the lesion in the 
gross and accounts for the relative ease wdth which the nodules may be removed. 
External to the zone of dense and mature scar tissue the lesion presents the more or 
less normal appearance of loose subcutaneous tissue. 

Vascular Lesions of Subct{ta7ieous No&iiles in Rheumatoid Arthritis 

In the peripheral areas of the nodules and in the surrounding con- 
nective tissue the blood vessels frequently show significant changes. 
These changes affect both the arterioles and capillaries although all the 
vessels in any one section are not uniformly involved. 

The appearance of the affected vessels is again largely determined by the stage 
of the inflammatory process. The early and acute lesions present a picture which 
is strikingly similar to, if not identical with, that described by VonGlahn and 
Pappenheimer (14) as characteristic of the vascular lesions in rheumatic fever. A 
typical early vascular lesion from rheumatoid arthritis is shown in Fig. 17. In 
Fig, 17 it appears that the wall of the vessel is thickened in comparison with the 
caliber of the lumen. In this particular section the endothelium appears intact, 
but the intima is involved in the same type of peculiar fibrinoid swelling which 
constitutes such a prominent feature in the nodules already described. This 
fibrinoid material takes the usual fibrin stains, but its character and distribution, 
especially as seen in Masson preparations, tend to cast doubt on its true fibrin 
nature. A considerable portion of the material appears to consist of partially 
degenerated collagen. External to the area of fibrinoid swelling is a cellular tissue 
having a distinctive and peculiar character. Its appearance is w^ell described in tlie 
article by VonGlahn and Pappenheimer on vascular lesions in rheumatic fever: 

“External to the necrotic wall of the vessel is a cellular tissue having a very distinctive 
and peculiar appearance. It is composed of a loose hbrillar stroma, in part fibrinous, in 
which arc many nuclei. One may distinguish (1) lobed nuclei of pol>anorphonucIcar 
ncutrophilcs, many of them pyknotic and fragmented, especially those nearest the vessel 
wall; (2) larger vesicular nuclei, staining less intensely than those of the polymorphonu- 
clcars and often distorted or compressed into bizarre elongate or club-shaped forms. They 
tend to be arranged radially. Still further out is a loose infiltration of lymphoid and 
plasma cells, occasional cosinophiles and young connective tissue cells.'' 

In other vessels the intima is greatly thickened by a proliferation of subendo- 
thelhl cells. This process may involve the vessel wall in the whole of its circum- 
ference or only a portion of the wall may be affected leading to tlie formation of 
small projections into tlie lumen (Fig. IS) . That this process, hov;ever, is not con- 
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RHEUMATIC FEVER AND RHEUMATOID ARTHRITIS 


The author wishes to express his tlianks to Professor A. M. Pappen- 
heimer of the Department of Pathology of the College of Physicians 
and Surgeons, Columbia University, for his kind assistance in this 
study. 

Addendum . — ^VVhile the foregoing investigation was being carried out, there ap- 
peared an extensive pathological study of tissue changes in rheumatic fever and 
rheumatoid arthritis by Klinge and Grzimek {yircJiows Arch. path. Ami., 1932, 
284,646). These authors state: 

“So we arc able to explain without difEculty on the basis of our material the dose 
relationship of chronic polyarthritis, infectious arthritis, polyarthritis lenta 'with acute 
febrile rheumatism (acute joint rheumatism) as a continuous sequence of one disease 
process with different phases and with different dinical and anatomical manifestations in 
each individual phase.” 
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be made of the fact, hov^ever, that mitotic figures not infrequently appear in con- 
siderable numbers. The tendency of these cells to fuse together and form multi- 
nucleated giant cells is Tvell kno'wn. 

The course and evolution of the nodules is further imderstood by a consideration 
of the larger and probably older lesions. Microphotographs of such nodules apn 
pear in Figs. 9 and 11. In Fig. 9 is shown a rheumatic nodule with a larger area of 
central necrosis but otherwise presenting all the characteristic features of the early 
lesions. In occasional instances the center of a large nodule imdergoes cystic 
degeneration. In Fig. 11 is shown a section at the margin of the area of cystic 
degeneration with hyperplastic villus-like structures projecting into the lumen. 
In Fig. 15 the appearance of numerous multinucleated giant cells is weU shown. 
These cells present the characteristics of the foreign body type and one gathers the 
impression that their appearance is associated with the removal of necrotic, tissue 
fragments. 

The tenrunal stages in the evolution of the rheumatic nodule appear to consist 
in the formation of scar tissue without distinctive features. 

This brief review of the histogenesis of the rheumatic nodule serves 
to show that various stages in the development of the lesions are 
characterized by certain morphological distinctions, but that the 
essential features are the same throughout. 

Microscopic Appearance of Snbctdaneoiis Nodules in RJtenviatoid 

Arthritis 

The study of the subcutaneous nodules in rheumatoid arthritis has 
revealed that the histological structure of these lesions presents a 
uniform and highly characteristic appearance v/hich is closely related 
to, if not identical with, that observed in rheumatic fever. 

In Fig. 6 is presented a low power magnification of a topical nodule from a case 
of rheumatoid arthritis in a man of 50 years. This nodule was situated over the 
olecranon process and had been present for 2 years at the time of excision. It is 
seen that, as in rheumatic fever, the lesion consists of multiple conglomerate areas 
of vaiydng sizes and shapes. Each individual area is composed of three more or 
less w’cll defined zones which closely resemble those described in the rheumatic 
fever lesions. These zones consist of (1) a large and irregular area of central 
degeneration, (2) a surrounding richly cellular tissue, the cells of which are dis- 
posed in characteristic radial fashion, and (3) an enclosing area of rather dense and 
a\’ascular fibrous connective tissue. 

The character of the area of central necrosis presents great ^•ariation in difierent 
nodules. Its appearance is in part determined by the size of the area involved and 
in part by the duration of the process. In the smaller and apparent! v earlier 




^^tioQs it the rr. 


DAn-so.v 






8Sl 


JOfl 6 e, 


-''"'■™4-- ^»“'*"-'= »av;r ^' « a,Z“’ <i;™ T''»'-« 

■T'“‘ =ai ^ a,fc,“!P'‘<»iaSo» ?“ “fwote, ■’■“aen. '“aKB 

n; tie ar ° Th °^^osis a 

tissue i are nr fJ tieX^ ^^^faVeZ,, ^ tfie 

- .“e,tz,gg, -Pt^eseufpj . ^OQJrip,, ^oa tt- ^ a-ejj_ 


■en 




, ^eaera/ ^ /‘'"'^area/c 


'^foid 


of 

^^dialf. 


fel/ular 

'asifojj 


'"'^’<S’ ' '“‘' -isrS, ""<» »»?o, •‘•‘<Su''‘''^“ZZ''^ 


^^iTr-^'sii';,'?,* '< ;“?”“■< vr* »= S'’'-''*'.; 








^ecy„ G^'ou nrI^P°5ed 




Of 

ih 


the L.?^ ®‘^tfer J of thr, 




‘^‘^^aZar 


*‘i/cZi 


PoWo::;^-'^Pio(5:“f °«t £Z,i 

^aooucZr- 


ajore 


earZe 




5q 




' c.rjf^^ks'ia'::?^seaera,;^ ^'^a^e 


^'^t/esTtr^^SacZ^ 

^f%Z2;. ^«3auy 


■°“gh, 

5eezj 


tz,;;"^ those JA^^^es 

^%ects^ 


«aduZes 


•PapiZ- 



‘J- v=«alsd, '*"*•' '“'»2 o?tr° 

addition to fh- rounw w . ^“fflatic 

“^WWtlv 

“ ''>«enM'”'?°‘““'-«»ofi'“"''“‘'''> “eeDSfr""®*" 

® ^"w%«fc„ ^ ' "P'**™ a. 

poults of a . » « 

riieuxDatoid p^. , _ ^acterioIo^-^,pj . . 

«S?'^53?'^5? ir “'“ “ 

Of 

'Jeiunatic fever •! n P^^icuJar ^^^essary t ^ 

such 



on , 

conditions nodular l ^ ^ for g.- ., ^^5 

found in nan have been ^^^^estatin • 

One of t? from oati. J other df. ^ ^ 

fondon sheath Proved to be a ^ from v 

^inr?/o,. the nfTx^-. , ’ ^ ^rd p 7,^^-. ^^^coina ^ 


^wuiaes Tverp ^-*^001 a vo^- a. "'^^flever 

of ZlT"" patients s5" fo-seatf 

"'^^JQon sheath Proved to bp ^ ^oSermg foom ,, .■ Pour 

^“■flay (S) °a tte otter iaad i, ? * '‘>”0= andT?‘* * 
'‘'“aaticaodl' °‘'^ ^Ported tt ta Pofcl? *“«* a 

®atic infect,- ^ ^ a child fo -i, Presence of ^ ^at 

“■aaa aeen i„ ^ ‘as described " “'"""aa, i„ certai„ .?' '‘aa- 

““«ao, before rr* *''aP ptT " '““"a Si '’’"“‘a 

a^aad as absoS ''“ai iSb “''““sation rfiS'*''* 

arthntis. fo ^^3^ specific for ^oscribeH ^^^ofore 

^ regard both ij. Present state of ). fever pn^ con- 

-'‘-respecriy-^^araadyaseC!:^^^^^^ 

'‘a'SrSlS^^Pa.riye^'T*'' 

-^*s i. 

arthritis, n • , oJmical entifjV ^ ^’s din; ^ P^^t of an 

frsions are ^iat th ^^^“^atic fo^'^ relation 

represent d^^^^ ‘^\""^^foristic'oT 'r' sToL'^t'^^m 

Process p- Piases of fi, diQPo ^ ^^t thpe 

aloselyrelaSr'’’ ■'' aiould '""dSaS”'* “at S 
tta?!5 *>' c„„°rieS''‘'®“?alIasi„Sf “a, f “*SiM 

®"“'a P” the relafeS '*''°ScSy <tS 

‘a preseorej S s^°^“a®>ariSy“''' CottparS»*“=ais 
as serological • ^occeeding enJ '^^and rhentT olfoicaJ 

■a.c«, '"”-P‘adec.edS-“^ate,;S^P 

'° “a taae 




857 


Alri^ ^ 

-^^eria 


°^°^°^uclj^^'^tic fey.^ ?£arE r„ 

^^ia a to f, ^eacf . ‘ -^ea of /■„ , 


• ^'’»»unol i, 


‘^Strs; 

^^•^1930 


^^^Tes 


^^cUoa, 


^fistiu 


^■rc. 3. p. 




^mmm 

fevto* ■^’tATTr* £-* 


h,^". "foaj „'.“?'»'<i««,'±''i«ii;3*«»3 „„. 


^^9«ei3t 


F.S”r 

■^^iciiaRrJ *ore pp„_ ^STetjc„;„^ -^SO. 


, 5. ^ 


"G tian .V. ?«nic 


dea.,„??^«ie. ^*0. 






.^7 

v» ^°^G^Uc 7» ^^^Usn J ^ GOiijj, Oi 

• >f2So. Celts ^ ^,°duJe. ^^Sq. ^^°"'edof ^ ^^ou^rferf ;, 




^O^e «-• 

t^off 

%. 7 ^®ecr, 


^Uq, 




■°‘«3ded 




















CDaTTs-on: R,! 






TABLE I 

Rabbits Sensitized ivith Horse Serum. Hemorrhagic Necrosis in Skin Sites Prepared with Bacterial Filtrate andReinjecledwithHorseSerum 



8i 


= = doubtful reaction. 

The numerator indicates the ntunber of skin sites showing severe hemorrhagic necrosis; the denominator the number of negative areas. 
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LOCAL SKIN REACTIVITY 


paratory effect of a potent bacterial filtrate. The results were nega- 
tive if the injections immediately follow’^ed each other or were carried 
out within 6 hours. The interval of time successfully employed was 
24 hours. Intervals of time between 6 and 24 hours have not been 
studied as yet. 

The sensitization of rabbits wms accomplished by single intravenous 
injections 7 days prior to the tests. Shorter incubation periods were 
insufficient {i.e. 3 days). 

The reaction observed wms specific. Reinjection of prepared areas 
with sheep, guinea pig and human serum in rabbits sensitized by 
single injections of horse serum elicited no reactions. 

Some of the rabbits were bled on the day of preparatory injections 
and the sera tested for precipitins against horse senun. The results 
are recorded in Table II. 

As is seen from Table II, there was no apparent parallelism between 
the precipitin titers of the various sera and the incidence of the reac- 
tions. These were easily obtained in most of the rabbits tested m 
the manner described. Occasionally rabbits failed to give the phe- 
nomenon. The percentage of negative animals has not been ascer- 
tained as yet. 

The experiments recorded in Table III were carried out in order to 
determine whether the reaction could be passively transferred to 
normal rabbits. 

The antibodies employed were anti-horse rabbit sera, anti-human horse sera 
and Antipnemnococcus T>'pe III horse sera. The antigens were normal rabbit 
and human sera and Pneumococcus Type III culture filtrate. The anti-horse and 
anti-human sera were made according to methods described previously (1, 3)- 
The antipneumococcus sera were obtained from the New York Board of Health 
through the courtesy of Miss G. Cooper. The pneumococcus antigen was a fil- 
trate of a culture in meat infusion broth pH 7.8 containing 0.3 per cent glucose and 
0.3 per cent maltose. On repeated retests, this filtrate proved incapable of ehcit- 
ing any reaction when injected intravenousb', in a dose of 4 cc. per kilo of body 
weight, into rabbits prepared with the B. typhosus and meningococcus filtrates. 
In Uic avperiments described here, a dose of onl}- 2 cc. was employed. 

One or two skin sites were each injected with 0.25 cc. of B. iyphostts or meningo- 
coccus “agar washings” filtrate. 24 hours later the prepared skin sites were in- 
jected with the antibody-containing sera and simultaneously injected intravenously 
with tlie homologous antigens. 4 to 5 hours after the intravenous injection there 
appeared severe hemorrhagic necrosis in the injected skin sites. 
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LOCAL SKIN REACTIVITY 


In the attempt to utilize the above facts for the explanation of focal 
and skin reactions of bacterial h}^ersensitiveness, it may be assumed 
that the infected foci being in a state of vulnerability throw off soluble 
bacterial products which induce the state also in the skin of the in- 
fected animal. Upon parenteral introduction of the specific antigen 
there would occur an intravascular interaction between the injected 
antigen and the antibodies acquired in tlie course of the infection, 
with the resulting formation of toxic principles. The toxic principles 
would elicit injury in infected tissues (i.e. focal reactions). In intra- 
dermal tests, the toxic principles produced through the interaction of 
the locally injected antigen and circulating antibodies would elicit a 
local reaction {i.e. bacterial skin hypersensitiveness). It might be 
expected that the severity of focal and local reactions would depend 
on the degree of vulnerability’' of tire infected tissues and of the skin 
of the infected animal and also on the amount of toxic principles 
formed, which in turn would depend on the titer of actively acquired 
antibodies and amount of antigen injected. 

It seems that the introduction of the notion of ceU vulnerability as 
essential prerequisite for response to specific antigen-antibody inter- 
action together udth the demonstration of intravascular toxic prina- 
ples resulting from the interaction, offer new possibilities for studies 
on bacterial hyqiersensitiveness. 

SUMMARY 

The observations reported in this paper demonstrate that the in- 
travascular interaction of bacterial and animal protein antigens udth 
homologous antibodies at the site of a tissue made vulnerable by bac- 
terial filtrates induces prompt severe hemorrhagic necrosis in this 
tissue. In the light of these obsenmtions there is offered an explana- 
tion of the meclianism underlying focal and sldn bacterial hy’persensi- 
tiveness. 
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PHENOMENON OF LOCAL SKIN REACTmXY TO 
BACTERIAL FILTRATES IN ITS RELATION TO 
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PlATE 56 

(Received for publication, Januar>^ 16, 1933) 

Observations reported in previous communications (1-3) allowed 
differentiation of two distinct and separate phases of the phenome- 
non of local skin reactivity to bacterial jSltrates: [a) the change in 
tissue elicited by the preparatory injection of potent bacterial fil- 
trates whereby it becomes susceptible to certain toxic principles, and Qf) 
the injurious effect of the principles upon the vulnerable tissue. The 
toxic principles are bacterial substances identical or closety related 
to true exotoxins; mixtures of animal proteins with homologous anti- 
sera; and mixtures of bacterial antigens, incapable of eliciting the 
phenomenon by themselves, with homologous antisera. The intra- 
dermal reinjection of antigen-antibody mixtures into an area prepared 
vdth a bacterial filtrate produces no effect. In order to obtain a 
severe reaction at the prepared skin site, it is necessary to inject in- 
travenously either the antigen-antibody mixture or to inject in- 
travenously the antigen and the antibody separately. Intravenous 
injection of the antigen alone is sufficient to elicit reactions at the 
prepared sites of rabbits possessing activel}’’ acquired antibodies. In 
the experiments described below it was deemed of interest to determine 
whether the reaction could also take place if either the antigen or the 
antibody was present in the blood stream at the time when antibody 
or antigen was injected directty into the area pre\nously prepared with 
the bacterial filtrate. 


EXPERTUENTAL 


As seen from the experiments summarized in Table I, rabbits were sensitized 
by single intravenous injections of normal horse serum, in a dose of 1 cc. per lalo 
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of body freight. 1 week later they received injections of B. lyphostts ‘"agar wash- 
ings” filtrate into one to three areas of the skin of the abdomen (t.e., upper and 
lower right and upper left quadrants, respectively) . 24 hours afterwards the same 
pVin areas were reinjected with normal horse serum. From 4 to 5 hours later the 
rabbits showed severe hemorrhagic necrosis at the site of the intradermal injec- 
tions. The lesions were identical with those observed in the phenomenon of local 
skin reactivity to bacterial filtrates. Histological changes were also similar to 
those previously described (Fig. 1). 


TABEE n 


Precipitation Reactions with Sera of Rabbits Showing Hemorrhagic Necrosis upon 
lnjeciio 7 i of Horse Serum into Vulnerable Skvi Sites 



Sensitizing 
injection 
per kilo 
of body 
weight 

Time 

between 



Time 
between 
prepara- 
tory 
i and 
test in- 
jections 

1 Intensity of 

1 hemorrhagic 
necrosis 

Precipitation tests with 
various horse serum 
dilutions* 

Knbbit 

No. 

sensi- 
tizing 
and 
test in- 
jections 

Preparatory 

injections 

Test 

injection 

Undiluted 

, o 

o 
, o 

o 

o 

o 

1:10,000 



1 days 



hrs. 
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7 
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24 
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4+ 
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tt tt 

24 

(( tt 

1-h 

1+ 

— 


— 

2-75 

<t tt 

7 

it it 

tt tt 

24 

tt tt 

4+ 

4-b 

4+ 

1+! 


4-80 

tt ft 

7 

tt tt 

tt it 

24 

No reac- ; 
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4+ 

4-f 


— 

1-07 

tt tt 

7 

it tt 

tt it 

24 

Strongly 

posi- 

tive 

2-i- 

4-h 

1 

4-r' 

44- 

1+ 


Amoimt of precipitate is recorded by plusses. zh indicates a slight turbidity. 
— shows absence of precipitation. 

* The rabbit serum was used imdiluted. 


As Table I shows, injection of normal horse serum into skin areas 
prepared 24 hours previously by injection of horse serum, histamine 
diluted 1 : 1000 and sterile meat infusion broth did not elicit any hem- 
orrhagic necrosis. Moreover, the horse serum failed to elicit the reac- 
tion in areas prepared with bacterial filtrates devoid of skin-prepara- 
tor}' potency (f .c. Streptococcus viridaus culture filtrate) (Figs. 2 and 3). 

It was necessar}' to allow’ a definite incubation period for the pre- 
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^ CONJUNCTIVAL POLLICULOSIS 

Another change in the technique 
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In other experiments the antigens T^ere injected into the skin and the antibodies 
intravenously. These experiments were positive provided a sufficiently large 
amount of antibody was injected intravenously. Thus, a dose of 6 cc. per kilo of 
body weight, of anti-hvunan horse serum gave negative results, whilst 10 cc. gave 
strong reactions. Also a dose of 10 cc. per kilo of body weight of anti*horse rabbit 
serum was neces5ar>^ for the elicitation of the reaction, 

A number of experiments, some of which are recorded in Table HI, 
clearly demonstrated the specificity of the passive transfer described. 
In the work with Pneumococcus Type HE filtrate, there was observed 
serological t^’pe specificity as well. 

No incubation period was required for the passive sensitization, 
inasmuch as the experiments were successful when the injections of the 
antibody and the antigen were made simultaneously. As in the case 
of actively sensitized rabbits (page 861) it was necessary to allow a 
definite incubation period for the preparatory effect of the bacterial 
filtrates. 


RESUME AND DISCUSSION 

The observations reported in this paper demonstrated that antigen- 
antibody interaction in a tissue rendered vulnerable, induced severe 
hemorrhagic necrosis in this tissue, provided either the antigen or the 
antibody was present in the blood stream at the time of the interac- 
tion. The antigens employed were animal proteins (i.e. blood sera 
of various animals) in experiments with actively and passively sensi- 
tized rabbits; and Pneumococcus Type III culture filtrates in the ex- 
periments wdth passively sensitized rabbits. The pneumococcus fil- 
trates used were incapable of inducing the phenomenon by themselves. 

The antibodies were actively and passively acquired. Active sensi- 
tization was induced b}’' a single intravenous injection of the animal 
protein 7 da 3 ’'s prior to the local injections. Shorter periods were 
inadequate. In passive sensitization experiments a small amoimt of 
antibody w'as found to be sufficient if it W’as injected locally and the 
antigen was given intravenously. WTien the antigen was injected 
locally and the antibody intravenously, large doses of the latter were 
required. In precipitation reactions, as pointed out previouslj^ (3), 
there were required larger amounts of antigen than antibody. Thus 
human serum when diluted 1:1000 precipitated with undiluted anti- 
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CONJTOCTIVAI roLucurosis, IX 
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has been discussed at length in previous communications (1, 3). The 
skin-preparatory factors, (i.e. those inducing the vulnerability) are 
bacterial products found only in certain bacterial culture filtrates. 
They are soluble, obtained under conditions of insignificant cell autol- 
ysis and produce either only a slight primary inflammation or no 
inflammation. The inflammatory property of bacterial filtrates is 
totally imrelated to these factors. 

The reaction is severe and obtained shortly after the introduction 
of antigen and antibody. The hemorrhagic necrosis is somewhat 
similar in histological features to the Arthus phenomenon (4, 6). How- 
ever, in control experiments horse serum was injected into two skin 
sites of rabbits which were sensitized by a single intravenous injection 
of horse serum 1 week previously. One skin site was prepared by an 
injection of B. typhosus filtrate 24 hours previously. The other skin 
site was xmprepared. The prepared skin site showed severe hemor- 
rhagic necrosis whilst the imprepared area was only slightly inflamed 
(Figs. 1 and 2). Thus, the injection of the antigen into a skin site 
prepared with a bacterial filtrate in a rabbit which had received a sin- 
gle sensitizing injection induced promptly hemorrhagic necrosis. In 
the Arthus phenomenon necrosis appears upon the injection of antigen 
into a rabbit which has been sensitized by six or seven injections of the 
protein in the course of several weeks (6). 

Additional Comment 

As seen from data presented in this and pre\aous papers, tissues 
made vulnerable by bacteria or their soluble products undergo severe 
injury when acted upon by toxic principles resulting from intravascu- 
lar antigen-antibody interaction. The interaction can be obtained 
in one of the follovnng ways: 

By separate intravenous injections of the antigen and the anti- 
body; by intravenous injection of the antigen into an animal possess- 
ing actively acquired homologous antibodies; by injection of the anti- 
gen into the vulnerable area with a simultaneous intravenous injec- 
tion of the antibody; and by injection of the antigen into the xmlner- 
able area in rabbits possessing actively acquired antibodies. In the 
latter case, there apparently occurs intravascular production of the 
toxic principles at the site of the locally injected antigen through the 
interaction 'ssith the circulating antibodies. 
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EXPLANATION OF PLATE 56 

Fig. 1. Section of a skin site injected with B. typhosus “agar washings” filtrate 
and 24 hours later with horse serum in a rabbit sensitized by a single intravenous 
injection of horse serum 1 week previously- Skin removed 5 hours after the second 
intradermal injection. Note necrobiosis, rupture of blood vessel wall and severe 
hemorrhage. Hematox>’^lin and eosin. X 160. 

Fig. 2. Section of a skin site injected with streptococcus culture filtrate and 24 
hours later with horse serum in a rabbit sensitized by a single intravenous injec- 
tion of horse serum 1 week pre\dously. Skin removed 5 hours after the second 
intradermal injection. Note slight inflammation. Hematoxj^lm and eosin. 
X 320. 

Fig. 3. Section of a skin area injected with horse serum in a rabbit sensitized b}’ 
a single intravenous injection of horse serum 1 week previousK". Skin removed 5 
hours after the intradermal injection of horse serum. Note slight inflammation. 
Hematox>^lin and eosin, X 320. 
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companied by liemorrhage. This stage lasted for about a week or 
two, and was followed by the familiar, second period of inflammatory, 
progressive follicular conjunctivitis, during which time the uninocu- 
lated conjunctivae also became involved. 

In the appended drawings is represented the clinical appearance of a 
rhesus monkey having spontaneous folliculosis (Fig. 20 A), shoving 
also the characteristic follicles on the bulbar conjunctiva (Fig, 20 B). 
The figures can be used as a standard for comparison of these clinical 
appearances with those produced by inoculation of cultures (Fig. 20 C); 
the similarity of the natural and the induced disease is clearly shown. 

The histopathology of experimental folliculosis following injection 
of the organism was also similar to that of the spontaneous disease, 
a description of which has already been given (1) (Figs. 15 to 19). 
Studies of stained sections of conjunctival tissue, derived from either 
the natural or the induced disease, revealed discrete or clumped, Gram- 
negative bacilli having morphological resemblances to Bacfcriwn granu- 
losis (Figs. 8 and 9). 

The numerical results of the tests on pathogenicity of the seven 
cultures of Bacterium swiiae recovered from stock monkeys having 
spontaneous folliculosis are tabulated. 


Strain No. 

1 No. of rhesus monkeys inoculated 

No. of rhesus monkeys shoiving 
positive reactions 

5A2 

1 — — 

6 

5 

29B 

2 

2 

97B 

2 

1 

lOA 

2 

1 

SOB 1 

1 

1 

601 

2 

2 

605 ' 

6 

1 

3 

Totals 7 

21 

15 


In addition, a chimpanzee that also received Strain 5A2 developed folliculosis 
indistinguishable from the spontaneous or the experimental disease of monkeys. 
Also, tissues taken from monkeys successfully inoculated witli the cultures pro- 
duced in the conjunctivae of fresh rhesus monkeys the characteristic follicular 
reaction. 

Conjunctival Swabbing.— -The method consists of applying to a cotton 
swab a suspension of the organism, prepared by adding 2 cc. of saline 
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In the first paper of this series (1), we described the clinical appear- 
ance and histopathology of the inflammatory type (Tj^^e 11) of spon- 
taneous conjunctival foUiculosis as it occurs in Macacus rhesus mon- 
keys. It was shown that the incitant of the affection is apparently a 
specific infectious agent of microbic rather than ultramicroscopic 
type. In this paper we shall record the results of bacteriological 
studies on the disease. 

Methods 

The methods employed by Noguchi in his trachoma investigations (2) were 
closely followed. For cultivation tests, however, we depended on leptospira 
medium and horse blood agar plates and slants. Since the following modifications 
of Noguchi’s original media not only facilitate the recover of Bacterium granulosis 
(2) from affected tissues but also result in more profuse cultural growth, we em- 
ployed them in the present study. 

In preparing leptospira medium, 0.2 instead of 0.1 part of laked rabbit eiythro- 
c>'tes was added, and the horse blood agar was changed from its original com- 


position to: 

cc, 

Defibrinated horse blood 60 

2 per cent nutrient agar, as employed by Noguchi 500 

Mkture of carboh 3 "drates (dextrose 10 per cent, sucrose 10 per cent, 
mannose 2.5 per cent, levulose 2.5 per cent, and inulin 2.5 per 
cent, sterilized by filtration through Berkefeld V or N 
candies) 25 


It should be emphasized that both media should be freshh* prepared; the agar 
slants should contain 0.5 to 1.5 cc. of condensation water and the horse blood and 
rabbit serum should be obtained a short time only before use. 
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Descripiion of the Microorganism 

The bacterium can be defined as a minute, Gram-negative, aerobic 
bacillus which is monotrichous, encapsulated, and actively motile. 
A detailed description of its morphological and growth characteristics 
follows. 

Morphology . — ^The organisms occur as slender, tenuous bacilli, frequently dis- 
crete, less often in short chains or in parallel arrangement of two or three members, 
and least often as diplobacilli. The}^ measure in width 0.2 or 0.3/i and in length 
from 0,8 to 1.2/x; the shorter forms are found in leptospira medium cultures, the 
longer ones in agar media. They have pointed ends and each organism is sur- 
roimded by a capsule which is somewhat wider than the somatic material itseK. 
The capsular material is often demonstrable by ordinary' staining methods, A 
single polar flagellum appears to be attached to the capsule but not to the bacterial 
body.^ In rare instances the flagellum is double and infrequently its capsular 
attachment is lateral. The bacilli are actively motile; the motilit>’ being influ- 
enced neither by the age of the culture nor the particular medium used. TheN’ 
iisually dart zigzag across a field but in some instances move in a pivotal or whirl- 
ing manner, without forward progression. 

Staining Reactions . — ^The organisms are invariably Gram-negative, whether in 
film preparations of cultures or in stained sections of afiected tissues; they are not 
acid-fast. Spores or metachroma tic granules are not detectable with Neisseris, 
toluidin blue, or Giemsa’s stains. Infrequently, Loeffleris alkaline methylene 
blue solution stains certain parts of the bacterial protoplasm more deeply. In dark- 
field examinations, however, no spores or granules can be seen. (Figs. 1 to 9; Fig. 
4 shows a characteristic appearance of ordinar>' Gram’s stain film preparations, — 
a blurred background consisting of debris of capsular and flagellar material in 
which are embedded the bacterial bodies.) 

Agar Plates . — The colonies appear on plain agar as small, drctdar, gre>Tsh, 
translucent growths. They are also smooth, convex, and slightly raised, tending 
toward confluence and having a sticky, or mucoid, consistence. Their appear- 
ance is similar on blood agar except that the colonies, more highly translucent and 
colorless in early growths, become gre>’ish after 2 or 3 6zys (Fig. 10). AVe wish to 
emphasize that a positive culture of affected tissue shows at best only one, two, or 
three colonies of the microorganism scattered among a number of other miscellane- 
ous growths (Fig. 11). Hence it is essential to use the same inoculum for several 
plate cultures. 

Agar Slants . — The growth on this medium reveals a grej-ish white to white, 
moist, mucoid, heaped up, glistening appearance. WTen blood is added to the 
medium, the growth is more profuse (Figs. 12 and 13). 

' The apparent attachment of flagella to capsules was first shown by Church- 
man, J. W., and Emelianoff, N. V., Proc. Sac. Exp. Biol, and Med., 1932, 29, 996. 
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monkey having spontaneous folliculosis. To be noted at arrow-head, a dump of 
the bacteria. X 1,500. 

Figs. 10 to 14. These figures represent cultural characteristics. 

Fig. 10. 48 hour growth; colonies on blood agar plate. X 10. 

Fig. 11. 48 hour growth; same medium; showing a mLxed culture derived from 
a tissue suspension, Onty tv’O colonies of the bacterium are visible, indicated 
by arrow-heads. Natural size. 

Fig. 12, 48 hour growth; plain agar slant. Natural size. 

Fig. 13, 48 hour growth; blood agar slant. Natural size. 

Fig. 14. 48 hour growth; leptospira medium. Natural size, 

Plate 58 

Fig. 15. Section of conjunctiva of a monkey ha^dng spontaneous folliculosis, 
Hematox}iin and eosin stain. Three follicles, one of them deeply situated, and 
the destruction of the superficial epithelium, are shovm. X 122. 

Fig. 16. Section of same magnified X 1,000. The zonal l3Tnphoid cell layer 
(L), within which is the core of macrophages (ilf), is represented. 

Fig. 17, Section of conjunctiva of a monke}’' having experimental folliculosis 
induced by culture injection, Hematoxjdin and eosin stain. To be noted is the 
similarity of lesions with those represented in Fig. 15. X 122. 

Fig. 18. Section of conjimctiva of another monkey’’ vdth experimental folhcu- 
losis following culture injection. Hematoxylin and eosin stain. A prodigious fol- 
licle is shown, which may^ have resulted from the confluence of two or tliree con- 
tiguous lesions. X 122. 

Fig. 19. Same as Fig, 17, but magnified X 1,000. Here can be seen microscopic 
changes similar to those found in the spontaneous disease (Fig. 16). 

Plate 59 

Fig. 20. All dravdngs about twice natural size. 

A, 'Eyt of M. 7'hcsus monkey’’ having spontaneous folliculosis. Fully’’ developed 
case, of over 5 months^ duration. The chief features are the large discrete and 
massed succulent follicles, also seen over the tarsal plate, the edema and conges- 
tion, and the invisibility of vascular structures. 

B, The bulbar conjunctiva of the same case. To be noted are the characteris- 
tic, discrete follicles. 

C, Ey'e of ilf. rhesus monkeys having experimental folliculosis induced by’ sub- 
conjunctival inoculation of the simian organism in the left upper lid. Fully de- 
veloped reaction, 6 months after inoculation. There is no distinction between this 
clinical appearance and that of spontaneous folliculosis occurring in nature (c/* 
^ ). The bulbar conjunctiva of this animal revealed follicles similar to those shonm 
in B. 
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An examination of the characteristics of the microorganism reveals 
that it has a generic resemblance to Bacierium graiiuhsis but differs 
from it in certain specific properties; namely, in motility, in manner 
of growth on agar or in leptospira medium, in distinctive carbohydrate 
reactions, and finally, in serological specificity. Hence to designate 
the organism we have named it tentatively Bacterium siiniae, n. spJ^ 

Spo7iia7teous Co7ijimctival Folliculosis m Chimpa7i%ees 

We have heretofore described the spontaneous follicular conjunc- 
tivitis as it occurs in Macacns rhesus monkeys. Further observ^ations 
have shown that a similar disease exists among chimpanzees. In two 
lots, one containing eight and the other ten apes, the affection w^as 
present in two animals of the first group and in three of the second. 
We were able to study bacteriologically only three of the affected 
chimpanzees, and tarsectomized tissue was not available — only con- 
junctival scrapings and follicular contents. It has already been indi- 
cated that such material is inadequate for cultural pxirposes. How- 
ever this may be, the simian organism was not recovered from the 
three apes, but as wiU be shown later, we have been more successful 
in implanting in chimpanzees, by means of cultures of the rhesus or- 
ganism, a disease similar to that found in monkeys. 

Pathoge7iiciiy Rxperhne7iis 

Subco7iju7ictival hioculalioit? — Macacus rhesus monkeys and a chim- 
panzee were inoculated in the upper conjunctiva of one eye with each 
of the seven strains of the simian organisms that were cultivated from 
stock rhesus animals having spontaneous folliculosis. 

The result of the inoculation was a counterpart of that following the 
injection of suspensions of tissue derived from monkeys having the 
disease, as described in detail in the preceding paper of this series (1). 

There was, how^ever, one difference to be noted. The immediate 
effects following injection of cultures consisted in more conspicuous 
inflammatory^ reaction of the skin and conjunctiva of the eyelid, as 
eridenced by more intense edema and sw'elling of the structures, ac- 

- The generic name is based on the Ehrcnhcrg emend. Jensa:, classification of 
Bacteriaccae; the specific name is derived from simAa (monkey or ape). 

’ Ether anesthesia was employed in all operations on animals. 
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An examination of the characteristics of the microorganism reveals 
that It has a genenc resemblance to Bacterium granulosis but differs 
from It m certam specific properties; namely, in motihty, in manner 
of growth on agar or in leptospira medium, in distinctive carbohydrate 
reactions, and finaUy, in serological specificity. Hence to designate 
the organism we have named it tentatively Bacterium simiae, n. sp.^ 

Spontaneous Conjunctival Folliculosis in Chimpanzees 

\Ve have heretofore described the spontaneous follicular conjunc- 
tmtis as It occurs in Macacus rhesus monkeys. Further obser^^ations 
nave showm that a similar disease exists among chimpanzees. In two 
ots, one containing eight and the other ten apes, the affection was 
present in two animals of the first group and in three of the second 
We were able to study bacteriologicaUy only three of the affected 
chunpanzees, and tarsectomized tissue was not available— only con- 
junctival scrapings and follicular contents. It has already been indi- 
cated that such material is inadequate for cultural purposes. How- 
ever this may be, the simian organism was not recovered from the' 
three apes, but as will be shown later, we have been more successful 
m implanting in chimpanzees, by means of cultures of the rhesus or- 
ganism, a disease similar to that found in monkeys. 

Pathogenicity Experiments 

Suhconju.nctival Inoculation.^— Macacus rhesus monkeys and a chim 
panzee were inoculated in the upper conjunctiva of one eye with each 
of the seven strains of the simian organisms that were cultivated from 
stock rhesus animals having spontaneous folliculosis. 

_ The result of the inoculation was a counterpart of that following th 
injection of suspensions of tissue derived from monkeys having 
disease, as described in detail in the preceding paper of this series (U 
There was, however, one difference to be noted. The inimeri' ^ 
effects following injection of cultures consisted in more consnic 
inflammatory reaction of the skin and conjunctiva of the evekfl 
evidenced by more intense edema and swelling of the structures ' 

The generic name is based on the Ehrcnbcrg cmcud. Jensen cla«-fi ■ 
Bacteriaceae; the specific name is derived from simia (monkey' or apeT 
Ether anesthesia was employed in all operations on animals 
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solution to an agar slant growth, and then gently rubbing the material 
on the conjunctiva of one eye of a monkey. This was done daily for 
6 or 7 consecutive days. 

Four rhesus monkeys were swabbed in this manner. Two of them became af« 
fected, showing the first signs of the experimental disease 3 days after the last 
swabbing. 7 days later the untreated eye developed folliculosis. 

To summarize, the seven strains of the simian organism recovered 
from stock rhesus monkeys having the spontaneous disease, in each 
instance induced characteristic folliculosis, positive reactions having 
been obtained after subconjunctival inoodation or swabbing, in 
seventeen of twenty- three rhesus monkeys and in a single chimpanzee.^ 

Recovery of Cultures from Experimentcl Folliculosis 

We attempted to recover the organism from four rhestis monkeys 
and the ape which had developed characteristic experimental follicu- 
losis as a result of inoculation of Bacterium siiniae. Of these five at- 
tempts, three were successful: two cultmres being derived from the 
affected rhesus monkeys, and one from the chimpanzee. The successful 
isolations were obtained from tissues 18 days to 11 weeks after inocu- 
lation. 

The recovered microorganisms were again introduced into ten rhesus 
monkeys and three chimpanzees with these results: 


Strain Ko- 

Sotirce 

No. of anhnals inocaUted 

No. of aniraals showing 
positive reactions 

57B 

Rhesus monkey experimen- 
tally infected with culture 

5 rhesus monkeys 

4 monkeys 

140B 

RJ:estiS monkey experimen- 
tally infected with culture 

\2 rhesus monkeys 
\2 chimpanzees 

1 monkey 

2 chimpanzees 

v 

i 

Chimpanzee exp>erimentally 
infected with culture 

3 rhesus monkej’s 

1 chimpanzee 

2 monkey’s 

1 chimpanzee 


^ While the disease arising spontaneously (1) or following the inoculation of 
cultures of the microorganism is, as a rule, characterized by slow progression and 
by persistence, lasting usually throughout the life of the animal, we have observed 
an occasional monkey recover. We may therefore suppose that the resistance to 
inoculation as shown by some of the animals is due to their complete recover;’ and 
consequent immunity'. 
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14 weeks — not one has as yet shown foUicnlosis. TOth the insignifi- 
cant exception already mentioned (1), the experimental disease was 
produced only when the inoculum contained either folliculosis tissue 
or cultures of the simian organism. 

Apart from these findings, the experimental results indicate that (a) 
the bacterium has thus far been recovered only from folliculosis cases 
and not from other forms of conjunctivitis nor from normal tissues; 
(jb) the microorganism has been isolated not only from affected con- 
junctivae of stock monkeys but also from the tissue of animals — 
macaques and apes — experimentally infected with the bacterium, and 
(c) such recovered cultures have, in turn, been found to be specifically 
pathogenic in normal rfiestis monkeys and chimpanzees. 

We may therefore postulate from this experimental study that an 
intimate relation exists between Bacterium simiae and spontaneous 
conjunctival folliculosis of simians. 

BIBLIOGRAPHY 

1. OHtsky, P. K., and Tyler, J. R., /, Exp. Med., 1933, 57, 229. 

2, Noguchi, H., /. Exp. Med., 1928, 48, suppL 2, 1-53. 

EXPLANATION OF PLATES 
Plate 57 

Figs. 1 to 9, Morphological appearances of Bacteriuvi simiae. 

Fig. 1. Gram's stain. Leptospira medium culture. X 1,000. 

Fig. 2. Gram's stain, Leptospira medium culture. X 1,500. 

Fig. 3. Methylene blue stain. Film preparation from an agar plate; such 
preparations usually reveal longer forms than those seen in leptospira medium 
cultures. X 1,800. 

In the above three figures incomplete or faint capsules can be observed, although 
ordinar>^ stains have been employed. 

Fig. 4. Gram's stain. Showing the background of capsular and flagellar 
debris — the usual, characteristic appearance in film preparations. X 1 000. 

Fig. 5. Capsule and flagellum. Casares-Gil stain. X 2,000. 

Fig. 6. Same. Depicting a longer and broader flagellum, x 1,800. 

Fig. 7. Same. Illustrating two organisms, each with its separate cansule anH 
flagellum. X 2,000. 

Frc. 8. Eosin-methylenc blue stain. Conjuncliral tissue derived from monkev 
injected with a culture of the bacterium. At arrow-head can be seen rfice. , 
organisms. X 1,000. oiscreie 

Fig. 9. Eosin-methylene blue stain. Conjuncti\-al tissue removed from a 
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ERYTHROID CELLS IN BONE MARROW 

Price-Jones (4) rendered rabbits anemic by bleeding and by injecting phenvl- 
ent the bone marrow from animals killed in differ- 

A marte^r^^ normal more or less proportional to tlie degree of anemia, 
chanpp.; hacX marrow, associated with the blood 

ittic™ S f (5) in rabbits made anemic by hemo- 

bled and ' * * f ^nd Haessler (6) have reported that in rabbits repeatedly 

^emfa ta^ hemoglobin, the 

crease in the ^d^^^ J extensive spread of the red marrow with an in- 
mals which w " f erythropoietic islands, hfarrows of ani- 

studied the eff^f undergo these changes. Aluller (7) has 

Small dn. f n colloidal substances on the blood and bone marrow. 

S laraefdnt T ^^'^-eydc marrow hjper- 
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S e^^Znntr A u transfusion, indicating a retardation 

were stonoed th' ut transient anemia occurred w^hen the transfusions 

anTDoan m wZ'!, ^ “"‘^tive marrow. Sabin 

red cells is at the mo™ a-t m normal rabbits the major supply of nucleated 
TryZhlastf (normoblasts 69 per cent, early and late 

sZt tat liv t eT ’ """ ^?hlasts 0.01 to 0.04 per cent); and Sabin (2) 
and endothelium. ^ anemia is the marrow thrown back to megaloblasts 

involving different methods of studying the 

Uoodnirtf the peripheral 

yoZ/ ^r Z the number of 
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hours apart, 26 to 50 per cent of the blood volume was removed. The 
animals were sacrificed at or near the peak of the reticulocyte re- 
sponse and the marrows examined. Condensed protocols are shown 
in Table II. 



CnAKT 1. Observations of the blood in Rabbit 18 subjected to acute hem- 
orrhage. 

Chart 1 shows the typical course of blood values in an animal sub- 
jected to acute hemorrhage. Although an average of only 38 per cent 
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Differential counts of erythroid cells in the marrow showed a reversal 
of the normal ratios between mature erythrocytes, reticulocytes, and 
normoblasts, being similar in this respect to the marrows of acute 
hemorrhage. Normoblasts were again the predominant type of cell. 
The percentage of reticulocytes was not appreciably changed from the 
normal; mature erythrocytes were much reduced. However, the 
most significant feature of the differential counts was the increase of 
erythroblasts and megaloblasts to nearly double the normal percent- 
age. The rise in percentage of this group of cells was chiefly due to an 
increase in the numbers of late erythroblasts. Megaloblasts were 
present in small numbers. 

The marrows of these animals were distinctly hyperplastic. The 
red marrow was soft and exceedingly friable, filling the entire shaft 
of the femur and the proximal half of the tibia. The distal half of 
the tibia contained fatty marrow, and a few small flecks of gross fat 
were seen in the distal fourth of the red femoral marrow. Sections 
showed the presence of fat cells in all but a few scattered areas of the 
red marrow, but these fat cells were greatly reduced in size and num- 
ber. Erythropoietic islands were seen to be large and numerous, 
and, in many areas, confluent. The spleens of these animals were 
normal in the gross, but two of them showed some slight evidence of 
early extramedullary hematopoiesis. 

The Findings in Phenylhydrazine Anemia 

Following a period of several days, during which the normal blood 
values were determined, four animals were injected with acetyl phenyl- 
hydrazine to induce intracorporeal red blood cell destruction. Small 
doses of the drug were injected subcutaneously every 2nd or 3rd 
day in amormts sufficient to produce a sustained reticulocytosis. 
The animals were sacrificed and the marrows examined 24 hours after 
the last injection. Protocols are shown in condensed form in Table IV. 

Chart 3 shows the course of the blood findings in Rabbit 19. This 
animal was given a relatively large initial dose of acetyl phenylhydra- 
zine and responded nith a high reticulocyte rise followed by an e.\'- 
tensivc drop in reticulocytes. Although this same phenomenon of 
abrupt rise and fall was noted in all four animals, those in whicli the 



THE EFFECTS OF BLOOD LOSS AND BLOOD DESTRUCTION 
UPON THE ERYTHROLD CELLS EST THE BONE SIARROW 

OF RABBITS* 


By BRANDT F. STEELE, M,D. 

{From the Lilly Laboratory for Clinical Research, Indianapolis City Hospital, and the 
Department of Medicine, Indiana University School of Medicine, Indianapolis) 

(Received for publication, November 29, 1932) 

The consideration of the bone marrow as a major organ of the body 
has recently been urged by Sabin and Doan (1-3), Although the 
component parts of this organ are widely scattered, and connected only 
indirectly through the blood stream, these parts tend to function 
as a unit. A continuous state of physiologic activity is maintained 
under normal conditions, reciprocal relationships existing between 
the various types of erythroid and myeloid cells of the circulating 
blood and their precursors in the marrow. The bone marrow also 
possesses a reserve power which is utilized in times of stress to produce 
more than the normal requirements of blood cells. Doan (3) pictures 
this reserve as existing in two distinct forms: first, the actual limited 
numbers of more mature cells ready for deliver^’’ into the blood stream, 
and second, the growth possibilities of the i mm ature cells. He fur- 
ther states that a ‘^shift to the left’’ or to more immature t^^pes of 
cells is the response to a demand for increased blood production. 

Many investigators have been interested by the problem of er^iJiroid 
marrow reserve, and numerous experiments have been done to deter- 
mine the changes occurring in the marrow cells when the reser\’e power 
is activated. A productive organ such as the bone marrow can usually 
be studied most advantageously in relation to its product. Hence 
much of the experimental work on marrow reser\'e has involved the 
relationship existing between the pattern of the erythroid cells of the 
marrow and the peripheral blood picture. 

* This study was made possible by fimds supplied by the Henn' Strong Denison 
Medical Foundation. 
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Chart 3. Observ-ations on the blood of Rabbit 19 injected mth acetyl phenyl- 
hydrazine. 


the red blood cells showed a high degree of anisocytosis. Normo- 
blasts were seen in a majority of the peripheral blood smears, but 
always in small numbers. 
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Methods 

Healthy rabbits from standard stock were used in the experiments. Animals 
which, showed evidences of infection or other abnormalities were discarded and 
the data were not included in the results. The animals were fed an adequate 
and highly nutritious diet and showed some gain in weight when observed for a 
period of several weeks. 

At frequent intervals, usually daily or every other day, the peripheral blood 
obtained by puncture of an ear vein was examined. This included red blood cell 
coimt, hemoglobin determination, and reticuiocjde count on a smear stained 
with brilliant cresyl blue and counterstained with Wright’s stain. The absolute 
number of reticulocj’tes was calculated in each case and recorded in millions per 
cubic millimeter, giving a more accurate index of red blood cell production than 
the reticulocy^te percentage. Smears were also examined for the presence of nu- 
cleated red blood cells and for changes in the size of red blood cells. Hemoglobin 
was estimated by the Newcomer method and was recorded in percentage. On the 
glass standard used, as checked by blood iron determinations, 100 per cent was 
equivalent to 15.6 gm. of hemoglobin per 100 cc. of whole blood. Occasional 
white blood cell counts were done to detect any gross abnormalities. 

Blood volmne was calculated on all animals subjected to hemorrhage, using the 
values given for rabbits by Went and Drinker (9). Hemorrhage was produced 
by incising one of the large veins at the base of the ear, the blood being received in 
a graduated c>’linder to determine the exact amount lost by the animal. The 
incisions healed quickly, and the same vein could be used repeatedly for succes- 
sive bleedings. Blood destruction was induced in some of the animals by the use 
of acet>d phenylhydrazine. The drug was used in a solution containing 15 mg. 
per cc., and was injected subcutaneously. 

The animals were quickly killed by a sharp blow on the back of the neck. One 
femur was immediately removed and split open. A small cross-section of mar- 
row 2 or 3 mm. long was taken from the upper end of the shaft of the femur. 
This piece of marrow was at once emulsified in 2 per cent sodium citrate and 
smears were made according to the method described by Doan and Zerfas (10). 
These cover-slip preparations were stained with brilliant cres>'l blue at the time of 
smearing and were usua% coxmterstained with Wright’s stain. Some of the 
smears were counterstained with Jenner-Giemsa stain. Differential counts of 
2,000 to 4,000 cells of the er^'throid series were made on the smears of each marrow. 
The cells were divided into four groups: (a) mature er^*throc\i;es, (b) reticulocj'tes, 
(c) normoblasts, and (d) erjdhroblasts and megaloblasts. The classification fol- 
lowed is that of Sabin (11). 

The entire marrow of both femora and both tibiae was examined routinely. 
Longitudinal and cross-sections of femoral and, occasionally, of tibial marrow were 
fixed in Holly’s fluid, sectioned, and stained with heInatox^'lin-eosin and Giemsa 
stains. Small portions of liver and spleen were also fixed, sectioned, and stained 
in the same manner. 
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hydrazine, the red blood cells were destroyed within the body, thus 
retaining their content. In the latter weeks of the injection period 



Chart 3. Observations on tlie blood of Rabbit 19 injected with acetyl phenyl- 
hydrazine. 


the red blood cells showed a high degree of anisocytosis. Normo- 
blasts were seen in a majority of the peripheral blood smears, but 
always in small numbers. 
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Late erythroblasts comprised raudi the greatest proportion of the 
erythroblast-megaloblast group; megaloblasts were extremely scarce. 

In the gross, the marrow of these animals was firm and red, with 
small flecks of yellow fat throughout the upper three-fourths of the 
femur and upper third of the tibia. The lower fourth of the femur and 
lower half of the tibia were filled with yellow fatty marrow. Some 

TABLE H 


Peripheral Blood ValueSj Bleeding Data, and Marroroj Findings in Five Rabbits 
Subjected to Acute Hemorrhage 


Rabbit No. 

Average of 
peripheral blood 
values l^forc 
bleeding 

Bleeding 

data 

LoTrest peripheral 
blood values 
reached after 
bleeding 


Peripheral blood 
values immedi- 
ately before 
death 

Erythroid cells in 
marroT? 

bone 

i 

u 

E 

d 

p 

s2 

Absolute No. reticulo- 
cytes per c.mm. 

Totftl cc. of blood 
removed 

Tolnl per cent of blood 
volume removed 

c 

E 

u 

u 

C. 

d 

p 

p 

5 

Abitoluto No. reticulo- 
cytes per c.mm. 

Rctlculocy to peak (No. p 

E 

E 

u 

o 

C. 

d 

p 

p 


Absolute No. rctlculo- 
cylc3 per c.mm. 

c 

•5 

^ o 
£ C 

M *■> 

a 

n 

tn 

c: 

O 

E 

c 

3 

P 

Mature erythrocytes 


rrJU 

per 

mil- 



mil- 

per 

mil^ 


miU 

per 

nil- 

per 

per 

Per 

per 


lions 

cent 

lions 



lions 

cent 

lions 

lions 

lions 

cent 

lions 

cent 

cent 

cent 

cent 

8 

6.20 

72 

0. 13 

loia 

SO 

1.91 

30 



PIEtl 

45 

0.86 

8.5 

49.0 

BIB 


11 

5.54 

75 

0.09 

55 

26 

2.80 

33 

0.07 

jtoRi] 

3.51 

46 

0.68 

8.1 

42.8 

33.6 

15.5 

12 

4.88 

72 

0. 13 

93 

35 

3.02 

39 

0. 12 

0.71 

3.93 

47 

0.71 

8.5 

31.8 

27.2 


14 

6.28 

74 

0.21 

70 

41 

2.87 

38 

0.21 

0.80 

4.11 

51 


5.1 

46.4 

31.6 

twH 

18 

5.86 

76 

0.18 

105 

39 

2.01 

35 


1.02 

3.66 

59 

m 

9.0 

49.1 


13.9 

Aver- 



■ 







■ 



■ 




age. 

5. 75 

74 

m 


38 

2.52 

35 

0.21 

OQ 

d 


50 

0.81 

7.8 

00 

30.2 

18.2 


slight individual variations in the extent of the red marrow were noted. 
Sections showed numerous large fat cells, even in the red marrow at 
the upper end of the femur, the marrow cells forming a network of 
thin strands and small clumps. Erythropoietic islands were seen but 
indistinctly. 


The Fhiduigs in Acute Hemorrhage 

After a period of several days for determination of normal blood 
values, the five animals included in this group were subjected to acute 
hemorrhage. In a single bleeding, or in tvro bleedings less than 12 
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of the blood volume vas removed by bleeding, the average lowering 
of the red blood cell count was 56 per cent. This discrepanc)" may 
have been due to overdilution or redistribution phenomena, or it may 
indicate that the total blood volume figures are too high. The reticu- 
locyte response in the peripheral circulation, as determined by the 
increase in the percentage, began within a few hours after bleeding. 
Owing to the progressive lowering of the red blood cell coimt, the 
absolute number of reticuloc 3 i:es per cubic millimeter did not show an 
increase until the 2nd or 3rd day after bleeding. Early in the re- 
sponse numerous abnormally large reticuloc}i:es, heavily laden with 
hemoglobin, appeared in the circulating blood; later there were small 
as well as large reticulated cells. This gave rise to a high degree of 
anisoq^osis. Nucleated red cells appeared sporadically when the 
reticulocji;e cormts were high, and they were never present in numbers 
large enough to include in a percentage count. The peak of the re- 
sponse, as closely as it could be determined, was reached on the 4th 
to the 6th day after bleeding and varied from 0.7 to 1.1 million reticu- 
loc 3 i:es per c.mm. At this peak the average number of reticuloc 3 i;es 
per c.mm. was 0.87 million, or 5.8 times the prehemorrhage level of 
0.15 million. At the time of death the level was slightly lower, being 
5.4 times the normal. 

The counts of er 3 rthroid cells in the femoral marrow of these animak 
(Table H) revealed a reversal of the normal proportions existing be- 
tween mature cells, reticuloc 5 i;es, and normoblasts. Normoblasts 
were the predominant type of ceU, many of them large and hea\Tly 
laden with hemoglobin. The percentage of erythroblasts and megalo- 
blasts was not changed appreciably from the normal. 

In the gross, the marrow of these animals was softer, redder, and 
more friable than that of normal animals. Little or no extension of 
red marrow into areas normally occupied by yellow marrow was noted 
except in Rabbit 18 in which the red marrow filled almost the entire 
ca\dty of the femur. The small flecks of yellow fat seen in the red 
marrow of normal animals were less numerous or absent. J^Iicro- 
scopicall}', sections of these marrows showed a perceptible decrease in 
the number and size of the fat cells. The er^'thropoietic islands were 
definitely enlarged. 
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hemorrhage average of 0.13 million per c.mm. Immediately before 
death the average reticulocyte count was 0.68 million, or 4.8 times as 
high as the prehemorrhage level. At the termination of the period of 
bleeding, the average red blood cell count was 63 per cent and the 
average hemoglobin 69 per cent of their original values. Thus it 
seemed that, despite the average loss of 58 .gm. of hemoglobin during 



Chart 2. Observations on the blood of Rabbit 15 subjected to chronic hem- 
orrhage. 

the bleeding period, tliese animals were still able to produce red blood 
cells with a normal or slightly greater than normal quota of hemo- 
globin. Considerable anisoc>i:osis was noted during the latter weeks. 
Nucleated red cells, always normoblasts, were frequently seen in the 
blood smears when the reticuloc^'te counts were high, yet they were 
never present in sufficient numbers to count. 
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first dose was smaller did not show as high an initial reticniocj’te rise 
nor as low a subsequent drop. 

During the period of administration of acetyl phenylhydrazine the 
average reticulocyte coimt was 0.53 million per cjnm., a value 3.3 
times as high as the average count in the control period. At the time 
of death the average reticulocyte coimt was 0.81 million^ or 5 times 
the control average. At the end of the injection period, the average 

TABLE IV 


Peripheral Blood Values, Injection Data, and Marrow Findings in Four Rabbits 
Injected with Acetyl Phenylhydrazine 
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peripheral blood 
values before 
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Acetvl 
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period of injectioa 
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marrow 
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19 j 

5. 78 

63 

0.25 

16 

41 

163 

4,24 

60 

0.59 

4.45 


0.94 

17.1 

32.3 


21.8 

20 

5.29 

56 


16 

41 

152 

4.09 

52 

0.53 

3.86 

51 

0.63 

17.6 

33.7 


19.1 

21 

5.14 

72 

0.11 

18 

40 

201 

4.26 

63 

[tiro 

3.18 

53 



51.9 

21.6 

5.9 

23 

5.48 

64 

0. 13 

18 

40 
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4. 15 
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0.53 

3.51 
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5.42 
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41 
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4. 19 
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0.53 


56 

0.81 
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j41.1 




red blood cell coimt was only 69 per cent while the average hemoglobin 
was 87 per cent of the respective control period values. This relative 
increase of hemoglobin in relation to red blood cell count was paralleled 
by an increase in the average diameter of the red blood cells. There 
was also an increase in the hemoglobin content of many of the red 
cells, judging from their appearance in stained smears. The higher 
hemoglobin percentage might be accoimted for b}’ the fact that in the 
acute and chronic hemorrhage experiments there was a loss of iron, 
while, in the anemia produced by the administration of phenj^l- 
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HYPOPHYSEAL SUBSTANCE COMBINED AVITH PROLAN 


Growth-promoting extracts from the hypophysis can be produced 
devoid of the factor concerned in synergism. In the pre\dous paper 
(4, Table 8) two types of purified growth hormone preparations made 
by acetic acid extraction and by repeated isoelectric precipitation 
were cited as potent in the reacting substance. Preparations of the 
growth hormone made in this way have, as a matter of fact, usually 
given excellent synergism when combined with prolan but we now 
know that this is not invariably the case; though potent growth-stimu- 
lators, they may fail to give the activation phenomenon. Finally, 
flavianic acid precipitates (5) from acidified alkaline extracts of beef 
anterior lobe, when extracted with alcohol-ammonia to remove fla- 
vianic acid, furnish growth hormone preparations devoid of the 
synergistic factor. 

Noji-Id entity of the Hypophyseal Component ’loith the Gonad-Stwinlaiing 

Hormone 

When the synergistic factor and the gonadotropic hormone are 
present together, three important t3Tpes of results are obtained, 
depending on the relative concentration of the two components in the 
fraction in question. Further, it can be shown that dilution of various 
hypophyseal extracts does not decrease the content of the two com- 
ponents in a parallel manner. 

\Wien dealing with high doses of concentrates potent in the syner- 
gistic factor, but contaminated with large amounts of the gonad-stimu- 
lating hormone, the activation phenomenon cannot be recognized, for 
the test animal is already near the limit of its reactivity to these sub- 
stances. Activation is, however, readily demonstrated at the lower 
dose levels. Thus synergistic effects can only be shown when ovary 
weights (calculated by summation of tlie prolan and hypophyseal 
gonadotropic hormone effect) do not exceed a certain maximum of 
60-80 mg. and it is therefore best to use a dose of prolan which wU 
give 30-40 mg. ovaries. The fact that high dosage of gonadotropic 
hormone obscures the activation phenomenon accounts for the appar- 
ent anomaly of increased percentage activation ndth decrease in dose, 
shown in Table II. 

Preparations containing large quantities of gonad-stimulating hor- 
mone and relatively small amounts of the synergic substance are occa- 




902 HYPOPHYSEAL SUBSTANCE COMBINED WITH PROLAN 

(which extracts very httle growth hormone) followed by treatment 
with formic acid (which destroys the gonad-stimulating hormone) 
yields a water-soluble preparation, rich in the synergistic factor and 
free of growth-promoting and gonad-stimulating hormones. Exam- 
ples of such preparations are included in Tables I and III. 

TABLE m 


Effect of the Conibination of Prolan with Hypophyseal Preparations Containing 
Low Amounts of Gonadotropic Hormone 


Hypophyseal component 

Prolan 

Combination 

Preparation 

Dose 

Weight 

of 

ovaries 

Dose 

Weight 

of^ 

ovaries 

Weight 

of^ 

ovaries 

Activa- 

tion 




Vlg. 

mg. 

Vlg, 

Per cent 

Acetone-ammonia powder (beef) 

54.4 

20 

21. Z 

28 

108 

260 

R1346 

27.3 

18 



47 

68 


13.6 

13 



37 

0 

Alcohol-ammonia powder treated 

27.3 

25 

21. Z 

41 

85 

77 

with formic acid; water-soluble 

13.6 1 

29 



91 

75 

fraction (sheep) R1475 

6.S 

24 



100 

114 


2.7 

19 



107 

155 


1.4 

14 



80 ' 

116 

Acetic acid powder (sheep) R1076 

54.4 

16 

21. Z 

24 

50 

127 


27.3 

17 



30 

30 


13.6 

16 



28 

27 

Acetic acid powder water-soluble 

13.6 

19 

27.3 

32 

63 

91 

fraction (sheep) R1193 

6.8 

13 



52 

92 


1.4 

18 



33 

0 

Acetone-ammonia water-soluble frac- 

13.6 

18 

21. Z 

28 

84 

200 

tion (sheep) R1217 

, 6.8 

15 



67 

168 


1 1.4 

14 



29 

21 


Characteristics of the Hypophyseal Substance 

Since the active principle present in the fractions so far obtained 
has been inevitably associated vdth protein, it has been impossible to 
draw any conclusions regarding its chemical reactions or physico- 
chemical properties. However, as found in the protein fractions it 
was soluble in water and was precipitable by flavianic, phosphotungstic 
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The differential counts of erythroid cells in the marrows of these 
animals again revealed the normoblast as the predo min ant typs 
cell. The percentage of reticulocytes was approximately normal; 
the mature erythrocytes were much reduced. The most striking 
fact shown by the differential counts was the great increase of the 
erythroblast-megaloblast group to 18.2 per cent, nearly 3 times the 
normal value for these ceUs. This increase was chiefly due to large 
numbers of erythroblasts, although megaloblasts were also frequently 
seen. Some disorganization of the erythropoietic process was sug- 
gested by the great variation in siae of the erjiJiroblasts and normo- 
blasts. 

In the gross, the red marrows of these animals appeared to be ex- 
tremely hyperplastic, but did not show much more extension than did 
the marrows of chronic hemorrhage animals. Red marrow filled the 
entire cavity of the femur and the proximal half of the tibia, and in 
two of the a nimals small streaks of red marrow extended down through 
the fatty marrow in the distal half of the tibia. The marrow was 
rich red in color, somewhat darker than normal, and was exceedingly 
soft, being almost liquid in the upper tlurd of the femur. No flecks of 
gross fat were visible in the femoral marrow. 

In sections the fat cells were seen to be greatly diminished in size 
and munber and in many areas they were entirely absent. Large 
confluent groups of erythrogenic cells were present in great numbers 
throughout the sections. Centers of intense myeloid activity were 
also evident. 

The spleens of these animals were from 2 to 3 times the normal size 
and of a chocolate-brown color. The organs cut with much de- 
creased resistance. An abnormall)’- soft, mushy parenchyma bulged 
from the cut smface and no typical splenic structure could be seen. 
Sections of aU four spleens showed distinct areas of erythropoietic 
activity. Although the livers were normal in the gross, microscopic 
sections showed a few small areas of to.xic degeneration and leucocytic 
infiltration. 

COMMENT 

An interesting question of accuracy arises when an attempt is made 
to compare the high reticulocyte counts in the blood of animal. Ixa^■in£ 
increased blood production with the reticuloc^te counts in the same 
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there were definite changes in the marrow pattern. In animals 
studied during the recovery from acute hemorrhage, when the average 
reticulocyte count was at a peak 5.4 times the control level, the 
marrows showed a great diminution of mature erythrocytes, an in- 
crease of normoblasts to predominance, and no appreciable change 
in~the percentage of erythroblasts and megaloblasts. 



Chart 4. Percentage of tj-pes of ei^Throid cells obserwd in the femoral bone 
maiTOvr of normal rabbits, of those subjected to acute and chronic hemorrhage, 
and of those in which acetjd phenylhydrazine was employed. 


In animals which were subjected to chronic hemorrhage and which 
maintained an average reticuloc>i;e count 4 times the normal for an 
average period of 72 days, the marrows were characterized by di- 
minished percentage of mature erj-throGjlcs, predominance of normo- 
blasts, and double the normal percentage of erythroblasts and me- 
galoblasts. 

In animals which were injected with acetyl phenylhydrazine and 
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extremely low in or devoid of growth hormone though high in gonad- 
stimulating properties. Such extracts show excellent sjmergism when 
combined with prolan. The results obtained by the combination of 
prolan with this type of hypophyseal preparation are summarized in 
Table I. 


TABLE I 


Efect of the Combination of Prolan -ioith Hypophyseal Preparations Containing 
Little or No Growth Hormone 


Hjrpopliyseal component 

Prolan 

Combinatioa 

Preparation 

Dose* 

Weight 

ol 

ovaries 

Dose 

Wdght 

of 

ovaries 

Weight 

of 

ovaries ' 

Activa- 

tion 


mi. 

mg. 

mg. 

mg. 

mg. 

per ctni 

Acetone-ammonia, water-soluble 

13.6 

18 

27.3 

28 

84 

200\ 

fraction (sheep) R1217 

Aqueous pyridine extract of acetic 

13.6 

12 

27.3 

26 

43 

115 

add powder, water-soluble fraction 
(sheep) R1181 







Aqueous pyridine extract of acetic 

7.6 

18 

27.3 

24 

80 

230 

add powder, water-soluble fraction 
(sheep) R1072 







Alcohol-ammonia (sheep) R1305 

2.7 

38 

27.3 

40 

108 

80 

Aqueous alcohol (beef) R1456 

6.8 

15 

27.3 

31 

87 

212 

Trichloroacetic add, water-soluble 

6.8 

20 

27.3 

31 

81 

146 

fraction (beef) R1463 

1 

1 






* Total dose given to each animal in 3 days, 
t Activation is arbitrarily calculated as follows; 


P + B -I 
84 - (28 -f 18 - 18) 
28 + 18 - 18 


100 = per cent activation; e,g,, 
X 100 = 200 per cent. 


C = average weight of ovaries of the group receiving the combination of pro- 
lan and h>'poph\*seal component. 

P = average weight of ovaries of the group receiving prolan alone. 

H = average weight of ovaries of the group recehdng hv'pophj’seal preparation 
alone. 

I = average weight of infantile o\’aries of uninJected controls. In all calcula- 
tions in this paper the value of (/) is taken as 18 mg. 


in their monograph (5), publication of which has unfortunately been somewhat 
delayed. In all instances of the utilization or modification of these preceding 
methods, acknowledgment is made by specific reference to the monograph. 
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sionally encountered and when this condition obtams, the slight 
synergism shown at higher levels disappears entirely with lower dos- 
age (Table 11). 

When powders containing large amounts of the active principle and 
very low amoimts of the gonad-stimulating hormone (beef or chemi- 
cally treated sheep preparations) are combined with prolan, the activa- 
tion is roughly proportional to the dose of the reacting hypophyseal 

TABLE n 


Efecl of Ccmtln7talion of Prolan with Hypophyseal Preparaiions Containing a Large 
Amount of Gonadotropic Hormone 


Hypopljj’scal componeat 

Prolan 

Corahinatjon 

Preparation 

Dose 

Weight 

of 

ovaries 

Dose 

Weight 

of 

ovaries 

Weight 

of^ 

ovaries 

! Activa- 
tion 


ms. 

ffir* 

ms. 

ms. 

ms. 

per coil 

Acetone powder (sheep) R1288 

54.5 

48 

27.3 

38 

65 

0 


27.3 

, 34 



62 

15 


13.6 

24 



72 

63 


6.8 

19 



75 

92 

Flavianate from isoelectric super- 

54.5 

78 

27.3 

32 

107 

16 

natant (sheep) R1173 

27.3 

44 



63 

9 


13.6 

27 



73 

78 


6.8 : 

17 



64 

106 

Flavianate from isoelectric super- 

54.5 

72 

27.3 

53 

111 

4 

natant (sheep) R986 

21. S 

54 



112 

26 


13.6 

38 



89 

22 


6.8 

29 



80 

25 


2.7 

18 



52 

0 


substance (largely independent of the amount of prolan). This is 
illustrated in Table m. 

The hypophyseal substance can be produced relatively free of both 
growth and gonad-stimulating hormones. By combination of the 
essential featxires in the procedures for preparation of the sjmergic 
substance free of the growth and gonad-stimulating hormones, the 
substance can be prepared free of both contaminants. For example 
extraction of crude pituitarj' preparations with alcohol-ammonia 
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and sulfosalicylic adds. It was predpitable by the addition of alcohol 
to a concentration of 80 per cent in the presence of a slight salt con- 
centration. The substance was surprisingly heat-stable when purified 
to this extent, although in solutions conta min ated with growth hor- 
mone it was reported (3, 4) to be destroyed in 30 minutes at 70— 80°C. 
It has now been found possible to heat the substance in neutral solu- 
tion for 2 hours at 70°C. or to boil it for 30 minutes with only slight 
reduction in activity. The stability of the substance is also shown by 
the fact that aU procedures for its preparation, some of them continu- 
ing for several days, were carried out at room temperature. Great 
stability toward atmospheric oxygen was also notable. 

In order to obtain the principle free of gonad-stimulating hormone, 
use has been made of the destructive action of acetic and formic adds. 
In tins respect, formic add was found to be more advantageous, for 
the protein-like hypophyseal hormones were readily and completely- 
soluble in the reagent. Two hours’ contact with formic add almost 
completely destroyed the gonadotropic hormone and definitely injured 
the growth hormone, but was practically without effect on the synergic 
substance. When acetic add was used, longer treatment (6-18 hours) 
was necessary. Wffth higher concentrations of acetic add (96-98 per 
cent) the hormones were not completely soluble, while with lower con- 
centrations (90 per cent) the gonad-stimulating hormone, although 
soluble, was not completely destroyed. 

The activating principle was not ultrafilterable through membranes 
prepared from 6 per cent collodion supported on imglazed porcelain 
(neutral solution). 

Biological Assay 

The biological assay was conducted as follows: 

^ A given number of milligrams of prolan, h}-popb>-seal extract or the combina- 
tion of the two was dissolved in 11 cc. of slightly alkaline water and adjusted to 
neutrality before injection. Each of three 22-26 day old rats received subcu- 
taneously 1 cc. of the solution daily on 3 consecutive daj-s. Autopsy was per- 
formed 96-100 hours after onset of injection and notes taken on oraries and 
uterus and the ovaries were weighed. The average weight of two o\-aries was 
taken as the degree of reaction of a given group. In some cases where actiration 
was not certain from the ovar>- weights it was possible to decide that a significant 
actiraUon had occurred by consideration of the t>pe of ovarian reaction The 
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solutions were centrifuged. The combined supernatants were poured into 5500 
cc. of alcohol and a few cc. of normal sodium hydroxide was added to facilitate 
precipitation. The product was isolated and dried as usuaL The water-soluble 
fraction (0.8 gm.) from this concentrate was highly potent in the synergic principle. 

Active Hypophyseal Suhstajice Relatively Free of Growth and Gonadotropic Hor- 
mones, — The use of extractives as described above almost certainly eliminates the 
growth fraction (5, 6) and by the use of glacial formic or acetic acids it was pos- 
sible to practically eliminate the gonadotropic factor. Crude alcohol-ammonia 
powder (6.3 gm.) was dissolved in 75 cc. of formic acid and allowed to stand 1 
hour at room temperature and then 250 cc. of acetone was added slowly with 
vigorous stirring. The mixture was centrifuged and the precipitate was washed 
with acetone and dried; 3deld, 6.0 gm. This material was then extracted twice 
with 100 cc. portions of water (adjusted to neutrality), the insoluble material was 
centrifuged off and the supernatant precipitated by the addition of 1000 cc. of 
alcohol. Precipitation was aided by the addition of a small amoimt of a satu- 
rated alcoholic solution of sodium acetate. The material was isolated as before 
and the yield of water-soluble powder was 2.8 gm. 

Acetic Acid Powder, — Growth-promoting preparations were often prepared 
(5) by precipitation of aqueous solutions of acetone powder at pH 5.2. llTien 
such fractions were further treated with glacial acetic acid for 6-18 hours, most 
of the gonadotropic hormone was destroyed with little harm to the s>mergic 
substance. The acetic acid powders thus obtained were then extracted with 
aqueous pyridine or aqueous ammonia and subsequently converted into water- 
soluble concentrates. The yields were small but the products were highly potent 
and relatively free of growth and gonadotropic hormones. 

SUMMARY 

The increased gonadotropic effect obtained by combining prolan 
with hypophyseal extracts can be secured equally vreU by the use of 
preparations which contain high amounts of the growth or of the 
gonad-stimulating hormone. 

In hypophyseal extracts containing the growth hormone, the symer- 
gistic effects do not parallel the content of growth-promoting substance. 

Similarly, in hypophyseal extracts containing the gonad-stimulating 
hormone, the s 3 mergistic effects do not parallel the content in the 
gonadotropic factor. 

The h3q3ophyseal substance involved has been prepared sufficiently' 
free of the growth and gonad-stimulating hormones to make it inad- 
missible to consider either of these substances as responsible for 
the reaction. 
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THE EEACTION OF STANDARD BREEDS OF RABBITS TO 
EXPERIMENTAL SYPHILIS 

By PAUL D. ROSAHN, M.D. 

(From the Laboratories of The Rockefeller InstUnfe for Medical Research) 
(Received for publication, March 11, 1933) 

For several years a colony of standard bred rabbits has been main- 
tained by this laboratory as the basis for the study of problems in 
constitution. The foxmdation stock for the colony was built up from 
pedigreed and registered animals purchased in this country and abroad. 
The breeds represented were chosen mainly on the basis of physical 
conformation, and the stock includes a full range of contrasting tj^es 
from the small Polish to the Giant Flemish, and the cobby Dutch to 
the racy Belgian. Representative color varieties and coat characters 
are also included.^ 

One of the pmposes for which this colony was organized was to 
provide material of known quality for the study of relations between 
constitution and susceptibility to disease (1). As an approach to 
these problems, experiments were carried out with pure bred rabbits 
of various lines to determine, on the one hand, whether such differences 
as are represented by breed characters may be associated with dis- 
tinctive differences in the reaction to disease-producing agents, and 
on the other, for the purpose of selecting the most suitable material 
for a more detailed study of any relations which might be foimd. The 
present report is concerned with observations on the response of dif- 
ferent breeds of rabbits to one of the agents employed, namety, Tr. 
pallidtim. 

From time to time there has appeared in the literature of experimental s5'philis 
suggestions that resistance to infection may be related to the breed or color of the 

^ For a description of American breeds and standards of perfection, the reader 
is referred to the Guide Book issued periodically by The American Rabbit and 
Cav>’ Breeders Association, Inc., 7408 Normal Avenue, Chicago, HL Breeds re- 
cognized in other coimtries V 2 iry somewhat from those in America, but the stand- 
ards agree in most essential respects. 
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months ^rhen the main experiments were terminated. Selected groups were, 
however, kept under observation for 6 months. The Nichols’ strain of Tr, palli- 
dum was employed in both experiments. The inoculation was made into one tes- 
ticle, using 0.3 cc. of a saline emulsion prepared from an actively developing testicu- 
lar lesion and containing from two to four organisms per dark field. The difierent 
breeds were inoculated alternately, and no two animals of the same breed received 
material from the same s>Tinge. 

The evaluation of the character and significance of the reaction to infection was 
based upon a consideration of various clinical phenomena. Special attention was 
paid to the following: (11 the frequencj^ and time of occurrence of the primary 
orchitis; (2) the frequency^ and time of occurrence of critical edema in the inocu- 
lated testicle; (3) the frequency and time of occtirrence of lesions in the uninocu- 
lated testicle (metastatic orchitis); (4) the frequency’’, time of occurrence, and 
number of generalized lesions of the skin, bones and periostium, and e 3 'es; (5) 
the proportion of animals that showed complete healing of all lesions at the ter- 
mination of the 3 months period of observation. 

In the analj^sis of the results group means have been employed, a procedure 
which tends to minimize the effect of the chance occurrence of a case of severe 
syphilis in any one group. By the designation “focal distribution” of generalized 
lesions is meant the number of discrete foci at which lesions developed as deter- 
mined by actual coimt The figures for actual distribution represent the mean 
values for those animals of the group in which generalized lesions actual de- 
veloped, while the values for relative distribution indicate the results in terms 
of the entire group. 


RESULTS 

The results are recorded in Tables I to VI and Text-figs. 1 to 3; in 
each instance the observations are presented from the standpoint of 
the standard breed of rabbit under consideration, namely, the Havana, 
Dutch, English, Himalayan, and Rex. Tables I and II give the inci- 
dence and mean time of occurrence of various phenomena of infection 
and the actual and relative focal distribution of generalized lesions of 
both experiments, together with the mean values for the total number 
of animals in each experiment. Tables m to VI contain values which 
have been obtained by combining the two experiments and treating 
them as one. Text-fig. 1 represents the incidence of the disease phe- 
nomena in terms of percentage deviation from the mean values of each 
experiment. 3h each experiment, the frequency of succeeding stages 
of infection in each breed group was calculated as percentage deviation 
from the mean values for all the animals of the experiment as given in 
Table I. The mean of the algebraic sum of the breed group percent- 
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the incidence of edema, metastatic orchitis, and generalized lesions, 
and for the actual and relative focal distribution of generalized lesions 
in Table I; the values for the first experiment were considerably higher 
than for the second. In addition, the average duration of the period 
of generalized lesion activity was longer in the first experiment (Table 
n). The mean time of development of the first generalized lesion was 

TABLE n 


Mean Time of Occurrence of Various Phenomena of Infection Estimated, from the 

Date of Inoculation 


Eipcnment 

No. 

Breed 

No. of 
animals 

Primary 

orchitis 

Critical 

edema 

Metastatic 
^ orchitis 

i 

Generalized lesions 

First 

Mean of 
aU 

Last 




days 

days 

days 

days 

days 

days 

1 

Havana 

4 

21.5 

38.8 

60.7 

59.0 

69.6 

73.3 


Dutch 

5 

21.0 

27.3 

60.0 

65.0 

68.0 

78.4 


English 

5 

22.6 

33.4 

51.8 

61.8 

68.5 

79.6 


Himalayan 

9 

17.8 

23.5 

58.1 

67.1 

73.9 

88.1 


Rex 

1 

3 

20.7 

27.3 

54.0 

55.3 

70.9 

84.7 

Total. . . 

i 


26 

i 

20.2 1 

29-3 

56.8 

63.1 

72.4 

80.3 

2 

Havana 

6 ; 

20.7 

28.0 

70.3 

— 

— 

— 


Dutch 

6 

19.8 

23.3 

55.3 

73.0 

73.0 

73,0 


English 

6 

21.5 

26.3 

46.4 

62.3 

59.6 

67.3 


Himalayan 

6 

21.7 

40.7 

56.8 

65.8 

68.9 

74.8 


Rex 

7 

17.1 

22.0 1 

44.6 

58.8 

57.8 

58.8 

Total, . . 


31 

20.1 

28.3 

48.4 

63.3 

63.7 

68.0 


63 days in both experiments, but the mean value for the last lesions 
was 80 days in the first and but 68 days in the second series. 

Variations in the severity of experimental syphilis are well recognized, 
not only in individual animals of any particular group, but also in 
different groups. Such factors as differences in the quality of the 
inoculmn, the route of inoculation, the season of the year at which the 
experiments are being conducted, and animal age and sex are known 
to have an influence on the character of the disease. jQi the present 
instance the reason for the mildness of the infection in the second experi- 
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tain racial characteristics. With some of the older breeds, such as the 
Dutch, the English, and the Himalayan of these experiments, distinc- 
tive racial characters have been developed through many generations, 
and these breeds should be comparatively homogeneous, functionally 
as well as physically. With the newer breeds, of which the Havana 
and the Rex are examples, the situation is different. These breeds 
are developed from one or more of the older breeds, and different strains 
or families may be developed by the use of different crosses which would 
tend to produce variation rather than homogeneity. There is some 
evidence, however, that even in crosses of this kind there is a tendency 
to preserve the characteristics of the parental race. Thus, the Havana 
was derived from the Dutch, and in the main, has been bred to Dutch 
type; in these experiments Dutch and Havana stand dose together. 
The Rex is derived from the Belgian and here again there is a dose 
similarity in behavior. Still, this does not remove the possibility 
that there may be marked variations between different lines or families 
of a given breed or race. 


CONCLUSIONS 

It is evident that on the basis of the criteria already discussed the 
Havana and Dutch rabbits of the experiment may be classified as 
relatively resistant and the English, Himalayan, and Rex rabbits as 
relatively susceptible to syphilitic infection. The experiments were 
planned to eliminate all known variables that might influence the 
course of the sj'philitic reaction. The animals were all of approxi- 
mately the same age, the}’’ were caged and fed under uniform conditions, 
the strain of spirochete employed and the dose and route of inoculation 
were identical. The only knowm variable that can account for the 
observ’ed differences was that of breed. Future experience vdll show 
whether the breed differences encountered are constant. Certainly 
they were constant in the two experiments here reported. Under the 
conditions of the experiment, therefore, it would seem that the widely 
divergent reactions are explicable on the basis of variations in breed 
or race. 

These obser\'ations emphasize the necessity for an adequate balanc- 
ing of the breeds of animals selected for sv'philitic and similar e.xpcri- 
ments. Obviously if the Havana rabbits of this report were the ani- 
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detected earlier and in the English group later than in any of the other 
breeds. 

Critical Edema . — (Table m.) The incidence of edema of the scro- 
tum and inoculated testicle was lower in the Dutch and Rex and 
higher in the English, Havana, and Himalayan breeds than the com- 
bined incidence of the entire group. An estimation of the mean time 
of occurrence of edema from the date of inoculation indicates that it 
developed earlier in those breeds that showed the lowest incidence; 
that is, the Rex and Dutch. Edema developed comparatively late 
in the Havana, English, and Himalayan groups in which the incidence 
of this phenomenon was high. If the appearance of edema is reckoned 
from the time of occurrence of the disease phenomenon immediately 
preceding it, namely the primary orchitis, the time relationships are 
somewhat changed. The longest interval between orchitis and edema 
occurred in the Havana group (13.0 days) and the shortest in the 
Dutch group (5.7 days). The English, Himalayan, and Rex animals 
struck a fairly uniform level between these two extremes. These 
results are suggestive of differences in the reactions of the several 
breeds. 

Metastatic Orchitis . — (Table HI.) The incidence of metastatic 
orchitis in the combined Havana and Dutch groups, 60.0 and 63.6 per 
cent, was appreciably lower than the combined group mec.i value of 
78.6 per cent. The English, EQmalayan, and Rex rabbits showed a 
higher incidence than the group mean, namely, 90.9, 92.9, and 80.0 
per cent respectively. It will be noted that, in the Dutch animals, 
the low incidence of edema was followed by a low incidence of meta- 
static orchitis, a result which indicates that a highly efficient protective 
reaction had been established early in the infection; that is, in associa- 
tion with the primary orchitis. On the other hand, the low incidence 
of edema in the Rex group was followed by a high incidence of meta- 
static orchitis, indicating that a comparable defence reaction either 
had not developed in this breed, or was of brief duration. A compara- 
tively high incidence of edema in the Havana group was followed by 
the lowest incidence of metastatic orchitis of all the breeds, suggesting 
that the immunity developed during the critical edema phase was suf- 
ficient to affect a partial suppression of the metastatic orchitis. In 
the English and Himalayan groups, the frequencies of both edema and 
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larly, the mean number of generalized lesions for each breed group as 
determined by actual cmmt, that is, the relative focal distribution of 
generalized lesions, was lower in the Havana (1.6) and Dutch (2.1) 
groups than in the English (3.5), Himalaj^an (7.0), and Rex (5.5) 
groups. 

The mean time of appearance of the first generalized lesion in the 
Havana group was earlier than the appearance of the metastatic 
orchitis. This overlapping is of importance from the standpoint of 
resistance since it signifies that the usual orderly sequence of events 
has been interrupted by the development of a powerful defence reaction. 

TABLE IV 


Incidence, Focal Disiribulion, and Mean Time of Occurrence of Generalized Lesions 

in Comhined Expervnenis 


Breed 

; Ind* 
deuce 

Focal distribu- 
tion 

Time of occurrence 

From inocuktion to 

From metastatic 
ordutis to 

Actual 

Rekti^'e 

First 

Mean 

ofaU 

Last 

First 

Last 


mm 



deys 

days 

days 

days 

days 

Havana 


5.3 

1.6 

59.0 

69.6 

73-3 

-1.3 

12.7 

Dutch 


3.8 

2.1 

66.3 

68.8 

77-5 

2.0 

14.8 

English 

mm 

4.9 

3.5 

62.0 

65.2 

75.0 

12.8 

25.8 

Himalayan 

86.7 

8.1 

7.0 

66.6 

72.0 

83.0 

7.4 

24.6 

Rex 

70-0 

7.9 


57.3 

63.4 1 

69-9 

11.1 

23.6 

Total 

6i.9 

6.4 

y 



m 

m 



In Table W the interval between the metastatic orchitis and the first 
generalized lesion is a minus quantity for the Havana group, showing 
overlapping. In the Dutch group the time inter\al was only 2 days; 
that is, although a tendency to overlap was present, it was not quite so 
marked. The basic tendency of a reaction inter\'al of 1 to 2 weeks 
between successive stages was maintained by the English, EQmalavan 
and Rex groups. 

The interval between the development of an orchitis of the uninocu- 
lated testicle and the appearance of the last generalized lesion is the 
period during which the disease acthity is indicated by a tissue re- 
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fective animal due to the fact that a large proportion of the young 
develop bone deformities which resemble those of rickets. It was 
mainly for this reason that the Rex, which is of Belgian ancestry, was 
included in these experiments. 

Eye lesions usually develop later than 3 months following inocula- 
tion, the time when these experiments were terminated. A certain 
number, however, did develop during the observation period. It will 
be seen by referring to Table V that the proportion of eye involvement 
to all lesions was highest in the Havana group. Since the eye is not 
protected as fully as other tissues by the general reaction to in- 
fection (6), it is not surprising that the Havana animals which de- 


TABLE VI 

Number and Percentage of Animals vnth Complete Healing of All Lesions at the 
Termination of the 3 Months Observation Period — Combined Results 


Breed 

No. of animals 

[ Complete healing of lesions 

! 

Havana 

10 

1 

9 

per cent 

90.0 

Hutcli 

11 

9 

81.8 

English 

11 

7 

63.6 

Rex 

10 

5 

50.0 

Himalayan 

15 

5 

33.3 


Total 

57 

35 

61.4 



veloped a highly efficient reaction as evidenced by the incidence and 
focal distribution rates of generalized lesions should show a high pro- 
portion of eye lesions. 

Recovery . — (Table \T.) A ffinal comparison of the behavior of the 
various breeds in the presence of infection may be made on the basis 
of the proportion of animals of each breed group that showed complete 
resolution and healing of all lesions at the termination of the 3 months 
period of observation. The reaction to the infection in the Havana 
and Dutch breeds was such that within 3 months after inoculation all 
lesions were healed in a large proportion of animals. This result, 
which is in entire harmony with the preceding course of events, is 
additional evidence that these breeds possess or are capable of develop- 
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several breeds is illustrated by Test-figs. 1 and 2, based on percentage 
deviations from the mean values of the incidence and time of develop- 
ment of the successive phases of the disease. The percentage de\ua- 
tion figures were in each case obtained from the total mean values of 
each experiment and then combined as an algebraic sum. This was 
done in order to eliminate any error that might arise from quantitative 
differences in the disease picture in the two experiments. Except for 
one or two minor discrepancies, the relative positions of the different 


Per cent 



Text-Fig. 2. Time of occurrence of various phenomena of infection. Calcu- 
lated as combined percentage deviation from mean \*alues in two experiments. 

breeds are identical with their relative positions obtained by an 
analysis based on the mean values for all animals of each breed when 
the two series are combined and considered as one experiment (Tables 
III and I\0- Text-fig. 3 illustrates graphically the combined values 
for the different breeds with respect to the incidence of metastatic 
orchitis, the incidence of generaliaed lesions, the relative focal distri- 
bution of generalized lesions, and the proportion of animals of each 
breed with complete healing of all lesions at the end of the experiment. 
These text-figures represent in striking maimer the difference in be- 
havior of the several breeds of rabbits to the s\*philitic infection. 
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ANIMAL PASSAGE OP PSEUDORABIES VIRUS 


attenuation of the virus on passage through guinea pigs, two factors 
besides attenuation enter to make the alteration in pathogenicity 
appear greater than it is. The first of these has to do with the presence 
in rabbit brain of approximately ten times more titratable virus than 
in guinea pig brain. The second concerns the observation that the 
guinea pig is approximately 100 times more naturally resistant to 
pseudorabies virus than is the rabbit. 

Since both of these species differences are in the same direction, the 
question arises as to whether they alone are suflScient to account for 
what, in the bepnning, appeared to be an attenuation of virus by the 
guinea pig. A tenfold greater concentration of virus in rabbit brain 
together with a hundredfold greater natural resistance on the part of 
guinea pigs to subcutaneous infection makes a thousandfold difference 
with regard to the two species that cannot be attributed to attenuation 
as it is generally understood. Taking this difference into consideration 
and calculating on the basis of the known minimal fatal doses of both 
types of virus for rabbits subcutaneously, the subcutaneous minimal 
fatal dose of guinea pig brain virus for guinea pigs should have been 
in the neighborhood of 100 mg. Since titration indicates that it was 
considerably higher than this, it is apparent that guinea pig passage 
exerts some attenuating influence on the pseudorabies virus for that 
species. The fact that the attenuation was evident upon subcutaneous 
infection and not when the guinea pigs were intracerebrally infected 
suggests that the explanation for the phenomenon is physical or 
mechanical. 

That the attenuation was not due to an inhibiting substance in 
either normal or infected guinea pig brain was indicated by a series of 
experiments that may be briefly stated here. Normal guinea pig 
brain mixed in 200 mg. amounts with rabbit brain virus in amounts 
ranging from 10 to 200 mg. failed to prevent a fatal infection when the 
mixture was inoculated subcutaneously into guinea pigs nor did it 
lengthen the period of survival of the animals. In like manner, 
guinea pig brain virus rendered non-infective by heating to 55 ° and 
60°C. for 1/2 hour, when mixed in 200 mg. amounts with rabbit brain 
virus in 100 mg. amounts, failed to prevent a fatal infection or to 
lengthen the period of sur\dval when inoculated subcutaneously into 
guinea pigs. 
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se in the two experiments, li in the identical manner a numerical 
Jue is assigned for the same three criteria of infection in each experi- 
int, as they appear in Table I, the sum of these values for each breed 
oup is as follows: for Experiment 1 : Havana-4j Dutch-6, English-9, 
imalayan-9, Rex-11; and for Experiment 2: Havana-3, Dutch-6, 
iglish-12, Himalayan-14, Rex-10. It is seen that despite the 
verity of the disease in the first experiment and its nfildness in the 
cond which has already been discussed, the Havana and Dutch 
:oups have the lowest values and the English, Rex, and Himalayan 
le highest in both experiments. In terms of focal distribution of 
meralized lesions, the Rex groups of the two experiments were not 
mparable. In the first series the focal distribution values were the 
ighest of the five breeds, but in the second experiment they occupied 
1 intermediate position, being exceeded by the Himalayan and Eng- 
ih groups. With regard to this discrepanc}% it is important to note 
lat Rex rabbits are extremely susceptible to the exigencies of cage 
fe. In the second experiment the general condition of these animals 
as not comparable to that of the other breeds. They lost weight, 
le condition of the fur became poor, and several developed snuffles, 
long experience in this laboratory has indicated that the optimum 
action develops in animals of good physical condition. In animals 
lowing evidence of nutritional deficienc}% the response to infection 
. minimal or subminunal. The fact that the Rex animals of the second 
perirnent developed onl}*' a few generalized lesions may be explained 
t least in part by their impaired physical state. It is possible also 
hat a contributory factor was the disproportion in mnnbers, three 
nimals in the first experiment and seven in the second. 

Animal MateriaL — It should be emphasized that the results here 
eported are applicable only to the particular family or families of 
ach standard breed which are bred and studied in this laboratory. 
Similar experiments on animals of the same breeds obtained from other 
ources might produce different results since it is not yet known 
vhether the families of the different breeds here emplojxd represent a 
air sample of the particular breed. 

In this connection, it should be pointed out that one of the objects 
n the adoption of standards of perfection by fanciers and breeders 
issodations is to encourage the development and maintenance of cer- 
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mals used for some experimental procedure which employed the 
Himalayans as control material, or vice versa, the resulting marked 
difference in the course of disease in the two groups could not be 
properly attributed to the experimental procedure. It is also con- 
ceivable that differences in the disease, either qualitative or quanti- 
tative occurring in different laboratories and countries, might be 
caused by differences in the breed of rabbits employed. 

The demonstration of distinct racial or familial differences in the 
response of experimental animals to syphilitic infection is moreover 
of interest on account of the support which it lends to the view that in 
man there are comparable racial differences in susceptibility to syphilis. 

SUMMARY 

A comparative study was made of the character and severity of the 
infection produced by Tr. pallidwn in groups of standard bred Havana, 
Dutch, English, Himalayan, and Rex rabbits. AH known variables 
that might influence the course of the disease were common to the 
different breed groups. 

On the basis of certain clinical data selected as criteria for the de- 
termination of variations in the response to syphilitic infection, it was 
found that the Havana and Dutch animals were resistant while the 
English, Himalayan, and Rex rabbits were susceptible. 

From these results, it appears that breed, race, or family is a factor 
which significantly influences the response to infection with Tr. 
pallidum. 
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MODIFICATION OF THE PATHOGENICITY OF PSEUDO- 
RABIES VIRUS BY ANIMAL PASSAGE 

By RICHARD E. SHORE, M.D. 

(JFrom the Department of Animal and Plant Pathology of The Rockefeller Institute 
for Medical Research^ Princeton^ N. L) 

(Received for publication, March 17, 1933) 

INTRODUCTION 

The identity of “mad itch” with the disease known in Europe as 
pseudorabies was suggested in an earlier paper (1) and more recently 
confirmed immunologically by the method of cross-neutralization (2). 
The use of the picturesque term “mad itch,” while highly descriptive 
of the disease to which it has been applied in this country, must there- 
fore give way to the earlier and somewhat misleading term pseudo- 
rabies. The etiological agent, which differs in certain ways (1) from 
the original Hungarian strain of pseudorabies virus (3) obtained from 
Aujeszky, with which it was compared, will hereafter be referred to as 
pseudorabies virus (Iowa strain). Only the Iowa strain has been 
employed in the present work. 

EXRERIMENTAl. 

In our experimental work with pseudorabies virus it has been con- 
sistently observed that virus obtained from the brain of an intra- 
cerebraUy infected rabbit differed in infectmty from that similarly 
obtained from the brain of an intracerebrally infected guinea pig. 
When a standard subcutaneous injection of 1 cc. of a 10 per cent sus- 
pension of infected brain (100 mg.) was administered, the \drus from 
rabbits was regularly fatal to both rabbits and guinea pigs, while that 
from guinea pigs was pathogenic for rabbits only. Intracerebral 
inoculations, however, of 10 mg. doses of either type of ^drus were 
regularly fatal to both spedes. Further esq^eriments, to be reported 
here, were conducted to determine the nature of the change induced in 
the pseudorabies ^^ru5 by guinea pig passage. 

925 
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The Alferaiion of the Pathogenicity of Pseudorabies Virus in a Single 

Passage 

To determine whether the change from rabbit type to guinea pig 
type virus could be accomplished in a single passage, experiments 
like those recorded in Table II were conducted. 

In this experiment virus from a rabbit, pathogenic for guinea pigs 
when administered subcutaneously, was, by 1 cerebral guinea pig 
passage, rendered non-pathogenic for guinea pigs on subcutaneous 


TABLE U 

Alter alion of the Pathogenicity of P sender ahies Virus in Shigle Passage Intervals 


Passage 

Source of vims 

No, of animal moculated, route and result 

1st 

Brain Rabbit 140 

Guinea Pig 227 Sc — Died 58 his. 

“ “ 228 " 58 “ 

“ “ 223 Ic— “ 44 “ 

“ “ 224 “ “ 49 “ 

1 

2nd : 

Combined brains of Guinea 
Pigs 223 and 224 

1 

Guinea Pig 231 Sc — No illness 

« t( 232 ** 

“ “ 229 Ic— Died54hrs. 

« « 230 “ 54 “ 

3rd 

Brain Guinea Pig 230 

Rabbit 132 '‘—Died 46 " 

1 

4th 

Brain Rabbit 132 

Guinea Pig 237 Sc — ^Died 67 “ 

« 238 67 


Sc = subcutaneously. Ic = intracerebrally. 


inoculation. 1 subsequent passage of this guinea pig \drus through 
the brain of a rabbit restored its fuU pathogenicity for guinea pigs 
by subcutaneous inoculation. 

That the alteration in pathogenicit}’’ of pseudorabies virus was not 
contingent upon a particular route of inoculation was indicated b}^ the 
fact that the lung and brain of an intranasally inoculated guinea pig 
and the local subcutaneous lesion of a subcutaneously inoculated 
guinea pig contained virus which, while fully pathogenic for rabbits 
when administered subcutaneously, was completely innocuous for 
guinea pigs by the same route. 
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EXPERIMENTAL RESULTS 

Three entirely negative experiments should be mentioned, in which 
the experimental conditions were alike save in respect to the day on 
which the animals were sacrificed. Three instillations were made at 
3 hour intervals in the left naris. 

Monkey F78-1 was killed 3 days after virus instillation: no virus was detected 
in the left olfactory bulb, the left thalamus, the medulla, the cervical and lumbar 
cord (pooled) nor in the pooled cervical and lumbar ganglia. Those were the 
only places tested. A control animal treated in exactly the same way, on the 
same day and with the same suspension of virus, developed typical poliomyelitis 
on the 10th day. In these experiments only 0.25 cc. of suspension was instilled 
each time. 0,5 cc. was used in the other experiments. It is, of course, possible 
that Monkey F78-1 would have succumbed to the disease and that the virus had 
not yet reached the olfactory bulb in suflScient concentration on the 3rd day of 
incubation to permit detection. 

Monkey F85-1 was killed 5 days after intranasal inoculation. No virus u^s 
found in the left olfactory bulb, the left hypothalamus, the left thalamus nor in 
the medulla (both sides pooled). These were the only places tested. 

Monkey F80-4 was killed 6 days after intranasal inoculation. No virus was 
detected in the left olfactor}^ bulb, the left hypothalamus nor in the medulla 
(both sides pooled). These were the only places tested. 

In the last two experiments it seems probable that no infection had 
occurred. 


PROTOCOLS 

Series A. 4th Day of Incubation 

Monkey FSO-3. — Oct. 21, 1932: 3 instillations in left naris, of 0.5 cc. of a 10 
per cent suspension of MTV virus (3 cords pooled), at 3 hour intervals. KiUed 
Oct. 25. Specimens ground and diluted to approximate 10 per cent suspension 
in normal saline solution. 


SubinocuIatio7is 

Left Olfactory Bulb . — Monkey FSO-5, inoculated Oct. 26; 2.0 cc. Oct. 30, polio- 
myelitis. Oct. 31, complete flaccid parab^sis; killed. 

Jlippocampusj Right and Left, Pooled . — Monkey F81-1, inoculated Nov. 8; 2.0 
cc. Remained well. 

Left Hypothalamus . — Monkey F80-6, inoculated Oct. 26; 2.0 cc. Remained 
well. 

Medulla^ Right and Left Sidcs^ Pooled . — IMonkey F80-7, inoculated Oct. 26; 2.0 
cc. Remained well. Susceptible in later experiment (F84-0). 
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when administered subcutaneously, 1 mg, of the guinea pig brain virus 
was required to induce a similar effect. 

Consideration of the data in Table HI indicates further that the 
guinea pig possesses roughly a hundred times greater natural resistance 
to subcutaneously administered pseudorabies virus than does the 
rabbit, because, in titrating rabbit brain virus, 0.1 mg. was found to 

TABLE m 


Titration of Rahhii and Guinea Fig Types of Fseiidorahies Virus 



be fatal to rabbits subcutaneously while 10 mg. of the same virus was 
required to kill guinea pigs, at all regularly, by the same route. 


DISCUSSION 

In attempting to determine the factors underl 3 ring an alteration in 
e pathogenic properties of pseudorabies virus by guinea pig passage, 
ave resorted to titration of rabbit and guinea pig types of virus, 
c-e titration experiments indicate that, in addition to some apparent 
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LOCALIZATIONS OF POLIOMYELITIS \'IRUS 


Summary . — ^Virus detected in left olfactory bulb, in left hypothal- 
amus, in left and right thalami, in midbrain, in medulla; highest con- 
centration apparently in left hypothalamus, and next highest in left 
olfactory bulb. Concentrations approximately equal in the thalamus 
(right and left), midbrain and medulla. 


TABLE IV 

6th Day of Inaibation. Monkey F83-4. Positive Results 



Day first 
symptoms 

Day comi>lctc 
paralysis 

Left olfactory bulb 

6 

9 

Left hypothalamus 

5 

7 

Left thalamus 

9 

10 

Right thalamus 

8 

11 

Midbrain 

8 

9 

Medulla 

9 

10 





TABLE V 

6th Day of Incubation, Monkey FS3-4. Positive and Negative Results 


Side tested 

Left 

Right 


Olfactory bulb 

-h(6) 

0 


Cortex 




Hippocampus 



0 

Precentral gyrus 



0 

Postcentral gyrus 



0 

Interbrain 




Hj'po thalamus 

-l-(5) 

0 


Thalamus 

-f-(9) 



Caudate nucleus 

0 



Midbrain 



+(8) 

Pons-medulla 



+(9) 

Cerebellum 



0 

Cord 




Cervical 



0 

Lumbar 



0 

Dorsal root ganglia 



0 


Scries D. 7th Day of Incubation 

Monkey FS6-3. — Dec. 6, 1932; 3 instillations in left naris of 0.5 cc. of a 10 
per cent suspension of JR'’ virus (5 cords pooled) at 3 hour intervals. Dec. 13, 
temperature 105.4°; no other signs of poliomyelitis; killed. 













LOCALIZATIONS OF THE VIRUS OF POLIOMYELITIS IN 
THE CENTRAL NERVOUS SYSTEM DURING THE 
PREPARALYTIC PERIOD, AFTER INTRA- 
NASAL INSTILLATION* 

Bv HAROLD K. FABER, M.D., axd LOUIS P. GEBHARDT 

{Froin the Departments of Pediatrics and Bacteriology of the School of Medicine 
of Stanford University, San Francisco and Stanford University) 

(Received for publication, March 1, 1933) 

The view that the virus of poliomyelitis enters the body through 
the nasal mucous membrane, first suggested by Flexner (1) in 1910 
and consistently advocated by him and his associates since that time, 
appears now to be widely accepted. It is based on an impressive 
body of experimental evidence (2) showing that the nasal mucosa is 
unique among the body surfaces in permitting the ingress of virus 
without preliminary trauma. The relationship of this phenomenon to 
certain anatomical arrangements in the nose has been almost over- 
looked. Flexner in 1912 (3) commented on the fact that ^The small 
olfactory filaments are advantageously placed to act as the means 
of transportation” (of the virus). It was not, however, imtil the dis- 
covery that poliomyelitis virus is propagated through the nerve cells 
and their axons, rather than through the blood, lymph or cerebro- 
spinal fluid, that the nervous anatomy of the region took on unique 
significance in relation to poliomyelitis. Faber (2) has called atten- 
tion to the importance of the unbroken connection of the olfactory 
nerves between the very smdace of the nasal mucosa and the central 
nerv’^ous system proper. Hopkins (4) has shown that the terminal 
processes (olfactory hairs) of the olfactory cells are exposed to the air 
in the upper part of the nasal ca\dty, and the afferent axons of these 
cells pass through the olfactor>^ nerves directly into the olfactory bulbs. 
No similar arrangement exists elsewhere on the body and no more 

* This study v.-as aided in large part by a grant from the Rockefeller Fluid 
Research Fund of the School of Medicine of Stanford University. 
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LOCALIZATIONS OF POLIOMYELITIS \'TRtJS 


Dorsal Root Ganglia, Right . — ^Monkey F88-1, inoculated Dec. 14, 1932; 1.5 cc. 
Dec. 23, poliomyelitis. Dec. 24, paralysis both arms. Dec. 25, died. 


TABLE VI 

Monkey F86-3. Positive results 



Day first 
symptoms 

Day comiilete 
paralysis 

Left olfactory bulb * 

6 

9 

Right olfactory bulb 

7 

9 

Hippocampus 

12 

14 

Right thalamus 

IS 

16 

Midbrain 

8 

10 

Medulla 

6 

s 

Cord 

Cervical, anterior half 

7 

10 

Cervical, posterior half 

7 

10 

Lumbar, anterior half 

10 

11 

Cervical and lumbar, posterior half 

7 

8 

Dorsal ganglia, left 

12 

14 

Dorsal ganglia, right 

9 

10+ 





TABLE vn 

7th Day of Incubation. Monkey FS6-3. Positive and Negative Results 


Side tested 

Left 

Right 

Both 


— 

Olfactor}^ bulb 

+(6) 

+(7) 


Cortex 

Hippocampus 

+(12) 

Pre-, postcentral gyri 



0 

Interbrain 




H>'pothalamus 

0 

0 


Thalamus 

0 

+(15) 


IMidbrain 


+(8) 

Pons-mcdulla. 



+(6) 

Cerebellum 



0 

Cord 

Cervdeal anterior half 



+(8) 

Cervical posterior half 



+(8) 

Lumbar anterior half 



+(10) 

Lumbar posterior half 




Cervical and lumbar, posterior half 



+(7) 

Lumbosacral 



0 

Dorsal root ganglia, ccrvacal and lumbar 

+(12) 

+(9) 
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or cerebrospinal fluid. In the other, examined 11 days after inocula- 
tion, virus vras found in the cervical and lumbar cord; not in the left 
anterior frontal cortex. In both these experiments, however, the dis- 
ease had progressed to the point of paralysis and the results give no 
dear indication of the localizations of infection during the incubation 
period proper. The histological study of the animals showed lesions 
particularly marked in the nasal cortex of the homolateral hemisphere, 
in the amygdaloid nudeus (one of the olfactory relays) and the cornu 
Ammonis (hippocampus) ; less in the homolateral thalamus and globus 
pallidus; none in the putamen and caudate nudeus. We find no other 
comparable experiments in the literature. 

The experiments of Flexner and Clark, therefore, appear to be the 
only ones affording any positive information on the localization of 
virus during the preparalytic period of infection in animals intra- 
nasally infected (the presumptively normal route), and these experi- 
ments show only its very earliest localization, in the olfactory bulbs. 

The demonstration of the axonal mode of propagation by Fair- 
brother and Hurst (10), since confirmed by Jimgeblut and Spring (11), 
and by later experiments of Hurst (12) justifies the expectation that 
the natural route followed by virus from this initial point of attack 
should be along the tracts leading out from the olfactory’’ bulbs and 
along others with which they connect. The present study is based on 
such an assumption and the experiments have been planned in accord- 
ance with it. We have attempted to map the distribution of virus 
in the central nervous system on successive days of the incubation 
period; to determine which areas are spared as well as those which are 
mfected, and thus to discover whether or not a definite and continuous 
route of propagation can be discerned, leading from the primary site 
of implantation in the central nervous system down to the spinal cord. 

Methods 

^ Macacus rhesus monkeys vrere iised in all the experiments. The source of 
Virus vras a 10 per cent pooled suspension of cord, or cord and medulla, from 3 to 
monkeys infected with the strain, each lot having been tested in the usual 
manner for virulence. For the present series and the controls a uniform tech- 
mque of inoculation was followed. The left naris was alwa\’s used, and an efiort 
ma e to confine the preliminaiy' treatment as well as the inoculum to this 
irst the naris was flooded with a slightly acid buffer solution at approxi- 
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another paper (2), it has been surmised that the chief pathway of infection in man 
is along the great spinothalamic sensory pathway to the posterior horns and 
thence to both the dorsal root ganglia and anterior horns. 

On the basis of the hypothesis just outlined, specimens were removed from the 
following areas: the olfactory bulbs; the h>^o thalamic area; the thalami; the mid- 
brain; the medulla with the lower half of the pons (designated medulla in the 
protocols); the spinal cord at different levels, in some instances separating the 
anterior and posterior portions approximately at a line just behind the posterior 
edge of the grey commissure (in this case it w^as impossible because of the small- 
ness of the cord to leave a space between the excised portions; the two sections 
were therefore immediately contiguous); the dorsal root ganglia, right and left 
separately. While the neopallial cortex (the portion exclusive of the olfactor>^ 
cortex) and the cerebellum are not in the direct line of coimection with the olfac- 
tory tracts, portions of these were also removed: the frontal pole of the frontal 
lobe; the precentral (prerolandic) g)^s of the frontal lobe (cortical motor area); 
the postcentral gyrus of the parietal lobe (cortical sensory area, coimected directly 
with the thalamus) ; the lateral lobes and vermis of the cerebellum. 

The portions removed were weighed (or with ver>’’ small specimens the weight 
was estimated); physiological salt solution was added sufficient to make a 10 per 
cent suspension; the mixtures ground in mortars for i hour, according to the 
method of Schultz and Banham (13), and stored until used. In testing for virus, 
measured amounts of the suspensions (1.5 and 2.0 cc.) were injected intracere- 
brally according to standard technique. The first observed typical symptoms, 
usually preparalytic (tremor, nervousness, apprehensiveness, occasionally local 
w^eakness) have been used to date the time of onset of the disease. In the proto- 
cols the designation poliomyelitis has been used for the appearance of these first 
typical symptoms and should be so interpreted. The time when paral3"sis be- 
came complete or nearly so has also been noted in the protocols. The ammmt of 
virus in a given suspension is assumed to be in rough inverse proportion to the 
time of onset and of complete paralysis. For this reason, a tabulation of these 
data is given for each of the series of protocols. 

Many specimens were examined histologically throughout the study and the 
typical changes of poliomyelitis found in all instances. It is hoped that at a later 
time the distribution of lesions in the central nervous system on various da\^ of 
the incubation period after intranasal inoculation can be studied. The present 
study deals only with the distribution of virus in amounts capable of detection bv 
subinoculation. It should, of course, be recognized that virus have been 
present in smaller amounts than this in other areas than those giving positive sub- 
inoculation tests. 

In several instances stated in the protocols animals used for subinoculation 
and found negative were later found to be susceptible to poliom\'elitis. 

No instance of secondary' infection— brain abscess, meningitis, etc,-— referable 
to contamination of the inocula, occurred. 
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Lumbar end Cervical Cord and Dorsal Root Ganglia^ Pooled, — ^ronke3’’ F81-2, 
inoculated Nov. 8; 2.0 cc. Remained well. 

Summary , — ^\lrus detected in left olfactory bulb only, and in ex- 
tremely high concentration. The first signs of poliomyelitis in the 
test monkey appeared on the 4th day, and paralysis was complete 
on the 5th. 


Series B. 5th Day of Incubation 

Monkey F88-4, Dec. 15, 1932: 3 instillations in left naris, each of 0.5 cc. of a 
10 per cent suspension of virus (pooled), adjusted to pH 7.0, at 3 hour inter- 


TABLE I 

4ih Day of Incubation. Mcmk.ey F80-3. Positive and Negative Results 


side tested 

Left 

Eight 

Both 

Olfactory^ bulb 

Cortex, hippocampus 

Interbrain 

-r(4) 

— 

0 

Hypothalamus 

0 

— 


Thalamu ...... .. 



— 


Midbrain. * 

Pons-medulla-.. 

Cord. 

Dorsal Anglia . . 



0 

{2 


■f: tested by intracerebral inoculation and found positive by development of 
typical poliomyelitis in test animal; the first definite signs appearing on day after 
inoculation indicated by' figure in parentheses. 0: tested and found negative, 
test animal remaining welL — : not tested. ‘Toth” indicates that the speci- 
mens from the two sides were pooled and tested together. 

Dec. 19, temperature 105.6^; no other symptoms. Killed Dec. 20, 1932. 
Specimens ground and diluted to approximate 10 per cent su£X>ension in normal 
saline solution. 


Subinoculations 

I^ftOlf ictory Bulb. — ifonkey' F8E-6, inoculated Dec. 21 ; 1 .5 cc. Dec. 27, poUo- 
ni)eUti5. Dec 29, complete paraly'sis. Dec. 30, V’ery' low; killed. 

^kht Olfactory Bulb,— Monkey F934, inoculatc'd Jan. 28, 1933; 1.5 cc. Feb. 4, 
emors. Feb. 6, complete paralysis; killed. 

^ippocampus, Right and Ufi, Pooled.— Monkey F894, inoculated Jan. 5, 1933: 
2*0 cc. Remained well. 
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Summary, — ^Virus detected in left and right olfactory bulbs, in 
left hypothalamus and in med^llla; highest concentration apparently 
in left olfactor}’' bulb. 

Series C. 6th Day of Incubation 

Monkey F83-4, — Nov. 9, 1932: 3 instillations in left nans, each of 0.5 cc. of a 
10 per cent suspension of IMV virus (cord and medulla of 6 monkeys, pooled), at 
3 hour intervals. 

Subifioadatians 

Left Olfactory Bulb, — ^Monkey F83-6, inoculated Nov, 16, 1932 ; 1,5 cc. Nov, 22, 
poliomyelitis, Nov. 25, complete paralysis. Nov, 26, killed. 

Right Olfactory Bulb, — ^Monkey F85-0, inoculated Nov. 26, 1932; 2.0 cc, Re« 
mained vrell. 

Hippocampus, Right and Left, Pooled, — ^Monkey F83-9, inoculated Nov. 16, 
1932; 1.5 cc. Remained well. 

Precentral Gyri, Right and Left, Pooled, — ^Monkey F85-2, inoculated Nov. 29, 
1932; 1.5 cc. Remained well. 

Postcentral Gyri, Right and Left, Pooled, — ^^^onkey F85-3, inoculated Nov, 29, 
1932. Remained well. 

Left Hypothalamus, — ^Monkey F83-8, inoculated Nov. 16, 1932; 1.5 cc. Nov. 21, 
poliomyelitis. Nov. 22, partial paralysis both arms. Nov. 23, complete paraly- 
sis; died. 

Right Hypothalamus, — ^Monkey F88-2, inoculated Dec. 14, 1932; 1.5 cc. Re- 
mained welL 

Left Thalamus, — ^Monkey F83-7, inoculated Nov. 16, 1932; 1.5 cc. Nov. 25, 
paralysis, both arms. Nov. 26, complete paralysis. Dec. 3, killed. 

Right Thalamus, — ^Monkey F88-3, inoculated Dec. 14; 1.5 cc. Dec. 22, polio- 
myelitis. Dec. 25, complete paralysis. Dec. 28, died. 

Left Caudate Nucleus, — Monkey F84-1, inoculated Nov. 16, 1932; 1.5 cc. 
Remained well. 

Midbrain, Right and Left, Pooled, — ^Monkey F92-9, inoculated Jan, 23, 1933; 

1.5 cc. Jan. 31, fine tremors. Feb. 1, complete paralysis, both arms; killed. 

Medulla, Right and Left, Pooled, — Monkey F84-0, inoculated Nov. 16, 1932; 

1.5 cc. Nov. 25, partial paralysis both legs. Nov. 28, complete paralysis; killed. 

Cerebellum, Right and Left, Pooled, — jMonkey F85-7, inoculated Nov. 29, 1932; 

1.5 cc. Remained well. 

Spinal Cord, Cervical. — Monkey F85-5, inoculated Nov. 29, 1932; 1.5 cc. 
Remained well. 

Spinal Cord, Lumbar, — ^Monkey F85-6, inoculated Nov. 29, 1932; 1.5 cc. 
Remained well. 

Bor sal Root Ganglia, Cervical and Lumbar, Right and Left, Pooled, — ^Monkey 
^S5-4, inoculated Nov. 29, 1932; 1.5 cc. Remained well. 
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LOCALIZATIONS OF POLIOMYELITIS VIRUS 


4. Invasion of the spinal cord and ganglia. Tremor, hyperesthesia, 
7th day (approximately). 

In direct succession to the fourth stage, is the stage of flaccid paraly- 
sis (8th day, approximately) in which the function of the anterior horn 
cells ceases as they are destroyed. The final stage of healing, common 
in man, is rarely seen in the monkey. 

CONCLUSIONS 

1. About 4 days after intranasal instillation, the virus of poliomyeli- 
tis establishes its initial focus, within the central nervous system, in 
the olfactory bulbs. It apparently reaches tliis structure through the 
axons of the olfactory nerves after primarily infecting the olfactory 
cells of the nasal mucosa. 

2. From this initial focus, the virus spreads (on the 5th and 6th days) 
through the olfactory tracts and their connections in the brain stem. 
A secondary focus in the hypothalamus is first established. From 
this, two main channels can be discerned: first, to the medulla; 
second, to the thalamus and midbrain. 

3. On the 7th day, virus can first be detected in the spinal cord. 
It is widespread but is found in larger amounts in the cervical than in 
the lumbar segments. It is present in both the anterior and posterior 
horns, either in equal amounts or in slightly larger amounts in the 
posterior. It is also present in the intervertebral ganglia. The sur- 
mise is presented that the main route of infection of the cord is not 
from the medulla (which had been infected as early as the 5th day) 
but along the sensory tracts, presumably from the thalamus (spino- 
thalamic tracts). 

4. Certain portions of the central nervous system -were never found 
to contain demonstrable quantities of virus: these \vere the cortex of 
the frontal and parietal lobes (neopallium), and the cerebellum. The 
olfactor}’’ (archipallial) cortex (hippocampus) w'as only once found to 
contain \drus; this occurred on the 7th day and in small amounts, and 
presumably had its source in the olfactorj" bulbs. 

5. The experiments of the 7th day suggest that virus had died out 
in areas previously infected (in the hypothalamus and thalamus, par- 
ticularly), while continuing, apparently undiminished, in the midbrain 
and medulla, and spreading to the cord. These observ'ations are in 
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Snhinociilaiions 

Left Olfactory Bulk — ^Monkey F86-4, inocukted Dec. 14, 1932; 1.5 cc. Dec. 
20, poliomyelitis. Dec. 23, complete parah'sis; killed. 

Right Olfactory Bulk — [Monkey F89-5, inoculated Jan. 5, 1933; 2.0 cc. Jan. 12, 
poliomyelitis. Jan. 13, paralysis both arms. Jan. 14, complete paral^’sis. 

Hippocampus, Right and Left, Pooled. — Monkey F89-6, inoculated Jan. 5, 1933; 

2.0 cc. Jan. 17, poliomyelitis. Jan. 18, parah'sis both arms. Jan. 19, complete 
paralysis; killed. 

Cortex; Right and Left Sides Pooled; Precentral and Postcentral Gyri; Anterior 
Pole of Frojital Lobe. — J^Ionkey F89-7, inoculated Jan. 5, 1933; 2,0 cc. Remained 
well. 

Left Hypothalamus. — ^lonkey F86-5, inoculated Dec. 14, 1932; 1.5 cc. Re- 
mained welL Susceptibility shown by poliomyelitis on 9th day after intranasal 
inoculation, Jan. 10, 1933. 

Right Hypothalamtts. — ilonkey F93-0, inoculated Jan. 28, 1933; 1.5 cc. Re- 
mained well. 

Left Thalamus. — [Monkey F86-6, inoculated Dec. 14, 1932; 1.5 cc. Remained 
well. Susceptibility shown by poliomyelitis on 8th day after intranasal inocula- 
tion, Jan. 10, 1933. 

Right TlujJamus. — [Monk^ F89-4, inoculated Jan. 5, 1933; 2.0 cc. Jan. 20, 
paralysis both arms, Jan. 21, complete paralj^sis. 

Midbrain, Right and Left, Pooled. — ^Monkey F92-7, inoculated Jan. 23, 1933; 

1.5 cc. Jan. 31, tremors. Feb. 2, complete paralysis; killed. 

Medtdla, Right and Left, Pooled . — ^Monkey F89-3, inoculated Jan. 5, 1933; 

2.0 cc. Jan. 11, poliomyelitis. Jan. 12, paralysis both arms. Jan. 13, complete 
paralysis; killed. 

Cerebellum, Right and Left, Pooled. — ^Monkey F89-8, inoculated Jan. 5, 1933; 

2.0 cc. Remained well. 

Spinal Cord, Cervical, Anterior Half . — J^Ionkey F92-4, inoculated Jan. 23, 1933; 

1.5 cc, Jan. 30, slight nervousness. Jan. 31, tremors, paralysis right arm. 
Feb. 2, complete paralysis. Feb. 4 , died. 

Spinal Cord, Cervical, Posterior Half. — ^Monkey F92-4, inoculated Jan. 23, 1933; 

1.5 cc. Jan. 30, nervousness. Jan. 31, tremors, paral3’’sis left leg. Feb. 2, 
complete paralysis. Feb. 3, died. 

Spinal Cord, Lumbar, Anterior Half. — ^Monkey F92-6, inoculated Jan. 23, 1933. 
Feb. 2, tremors; paralj^sis both legs. Feb. 3, complete paralysis; killed. 

Spinal Cord, Cervical afid Lumbar, Posterior Half. — Monkey F89-9, inoculated 
Jan. 5, 1933; 2.0 cc. Jan. 12, poliomyelitis. Jan. 13, almost complete paralvsis. 
Jan. 13, killed. 

Spinal Cord, Lumbosacral. — ^Monke>’ F86-7, inoculated Dec. 14, 1932; 1.5 cc. 
Remained well. Susceptibility shown by poliomyelitis 8 daj-s after intianasal 
inoculation, Jan. 10, 1933. 

Dorsal Root Ganglia, Left. — Monkey FSS-O, inoculated Dec. 14, 1932; 1.5 cc. 
Dec. 26, poliomyelitis. Dec. 28, complete parah'sis; killed. 
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the homolateral hypothalamus; in the contralateral bulb; and in a 
more distant area, the medulla oblongata. It is not found in the olfac- 
tory cortex (hippocampus), thalamus, midbrain, cerebellum or spinal 
cord. Its presence in the right oHactory bulb may have been due 
either to passage from the left bulb through the anterior commissure or 
to spread of infection from the nasal mucosa of the left naris to that 
of the right and so up the right olfactory nerves. Its presence in the 
homolateral hypothalamus was anticipated since this structure (the 
mamillary region, especially) is directly connected with the olfactory 
bulb through one of the olfactory tracts and also indirectly, by way of 
the hippocampus. It would appear that the virus had followed the 
outgoing olfactory fibers along their basal pathways, which are the 
shortest. The absence of virus from the oKactory cortex (hippocam- 
pus) in this and aU but one of the other animals is extremely interest- 
ing, since the greater portion of the outgoing olfactory pathways in aU 
higher vertebrates is long circuited through the cortex before they go 
in the interbrain and midbrain. To explain the phenomenon, it is 
necessary to refer to Fairbrother and Hurst’s (10) conclusion that the 
cortex of the brain in general affords an unsuitable ground for implan- 
tation and survival of poliomyelitis virus. 

That the medulla should show infection before the thalamus or mid- 
brain had not been anticipated and called our attention to the possible 
existence of intimately connected tracts between the hypothalamus 
and medulla. Recent studies, elsewhere (2) reviewed, have shown 
important functional coimections between the hypothalamus and 
medulla concerned largely in the higher control of various sjunpa- 
thetic and parasympathetic fimctions, and the probability that the 
corresponding anatomical tract is, in part at least, the formatio 
reticularis. In histological studies of human poliomyelitis, this struc- 
ture of ganglion cells and white matter has been found to be quite 
constantly and heavily involved (Harbitz and Scheel (14)), and the 
prominence of various sympathetic and parasjTnpathetic sjmiptoms 
early in the disease may be referable to these lesions in and between the 
hypothalamus and medulla. The relatively large amount of virus 
in the medulla, indicated by the appearance of symptoms in the test 
animal on the 6th day (complete paralysis on the 10th day) indicates 
furtber that bulbar tissue (or at least the part in question) is favorable 
to implantation and multiplication of xnrus. 
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RELATION OF POLIOMYELITIS TO LOUPING ILL 


Hurst (4) has already pointed out that certain pathological findings 
in louping ill are similar to those seen in poliomyelitis, and this fact 
stimulated us to ascertain whether the maladies are immunologically 
related. Furthermore, the fact that vaccinia protects against small- 
pox made the problem more intriguing, because of the possibility 
that we might hit upon a simple method of immunization against 
poliomyelitis by the use of louping ill virus. With these ideas in mind 
we undertook the experiments reported at this time. 

Methods and Materials 

Louping III Virus, — ^The louping ill virus was procured from the Department 
of Bacteriolog}’’, University of Edinburgh, and was designated as follows: “ob- 
tained from tlie Moredun Institute, Animal Diseases Research Association, on 2nd 
February 1932 in the form of dried brain of sheep 43, 6th May 1931, since Februar}" 
1932 maintained by intracerebral inoculation in mice.” The virus was sent to us 
at The Rockefeller Institute in an infected mouse brain preserved in 50 per cent 
glycerol. Shortly after arrival, May 9, 1932, the material was washed several 
times in sterile Locke’s solution and thoroughly ground in a mortar. Sufficient 
Locke’s solution was then added to make a 10 per cent emulsion which was used 
to inoculate intracerebrally a group of mice and a monkey. After several intra- 
cerebral passages in monkeys and mice the brains of animals killed at the height of 
the disease were placed in 50 per cent gtycerol under a vaseline seal and stored at 
0®C. This material constituted the source of supply of virus for our experiments. 

Poliomyelitis Virus, — ^The virus of poliom 3 ^elitis was supplied to us by Dr. 
Flexner in the form of a Berkefeld N filtrate of a 5 per cent emulsion prepared from 
the spinal cord of a monkey infected with the “mixed virus” strain. 

Animals, — Only Indian monke3’'S {Macacus rhesus) were used in the experiments. 
The mice were of the Rockefeller Institute albino strain {Mus vinsaihis). 

Cultures, — ^The presence or absence of ordinary bacteria in infected organs was 
determined by means of aerobic and anaerobic cultures in meat infusion broth, 
pH 7.8. 

Scctio}2S, — ^The clinical diagnosis of louping ill in eacli monkey was confirmed b>" 
means of histological studies of the central nervous S 3 ’'stem. In mice, however, 
histopathological examinations were made onb'^ when doubt arose as to tlie true 
nature of the illness. Tissues were fixed in Zenker’s fluid or in a 10 per cent solu- 
tion of formalin, sectioned, and stained according to Giemsa’s method or b 3 ' means 
of eosin and mcth 3 dene blue. 

Before undertaking the study of the immunological relation of polio- 
myelitis to louping ill it was essential for us to obtain monkeys immune 
to each of the maladies. Inasmuch as monkeys immune to poliomyeh- 
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spinal cord. At the same time there is e\ddence that it has died out 
or disappeared from some of the previously infected areas, thus con- 
firming the experience of Fairbrother and Hurst vdth iutracortical 
inoculations. It is still present in high concentration in the left and 
right oKactory bulbs; indicating either that virus has continued to 
ascend from the olfactory neives or that the tissues here are favorable 
to survival, as well as to initial implantation and multiplication, of 
the virus. The disappearance from the homolateral (left) hypo- 
thalamus is particularly interesting, since on the previous day, it had 
been present here in large amounts. 

The contralateral side was negative. Virus had also disappeared 
from the homolateral (left) thalamus, but was stiU present, though in 
minimal amount (15 day incubation) in the contralateral thalamus. 
Its appearance in small amounts (12 day incubation) in the hippo- 
campus — ^the only positive result in the entire series from the end 
brain — is of interest as evidence of the predominant infection of the 
olfactory tracts, but the lateness and slightness of this cortical involve- 
ment suggests that it is probably incidental and secondary.^ 

In the 7th day experiments, an attempt was made to determine 
what differences, if any, might be detected between the anterior 
(motor) and posterior (sensory) portion of the cord, as well as between 
different levels. If the anterior gray matter contained larger ammmts 
of virus, it might be inferred that the virus had descended along the 
tracts connecting the higher centers in the brain stem directly with 
the anterior horn ceUs (rubrospinal, tectospinal, vestibulospinal, 
reticulospinal tracts, etc.). If, on the other hand, the posterior horns 
were more heavily infected, it might be inferred that it had descended 
along the main sensory tracts (spinothalamic tract, colunms of Goll 
and Burdach). Clinical evidence, particularly the character of the 
preparalytic symptoms in man, points rather clearly to the spino- 
thalamic (2). 

The present experiments fail to answer this question unequivocally, 
perhaps due in part to the necessity of using unmediately contiguous 

* Harbitz and Scheel (14) have described inflammaton- lesions in this area. 
However, no characteristic sjTnptoms (olfactorj- hallucinations) derived from 
^ch involvement in man have been reported. The point has not been sufncientlv 
studied by clinicians. 
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the 4 treated and 2 untreated monkeys received intracerebrally 1 cc. eacli of a 10 
per cent virus-brain emulsion. 3 of the treated monke3’’S developed tj^pical louping 
ill, 1 on the 8th, 1 on the 10th, and 1 on the lltli day after injection. These ani- 
mals were only moderate^ ataxic and gradually recovered. The 4th treated 
monkej'^ showed symptoms of the disease on die 20th day after the intracerebral 
inoculation and was killed (it probablj’’ would have recovered) 3 da 3 "s later for 
histological studies. The 2 control monke 3 's died of louping ill. 

Intranasal Instillation . — Each of 4 monke 3 ’-s received 3 intranasal instillations, 
1 a w'eek, of a 15 per cent virus-brain emulsion; 2 monkeys received 0.5 cc. amounts, 
the others 3 cc. amounts. None of the monkeys developed s 3 ^mptoms of louping 
ill. 2 weeks after the last instilladon, the 4 treated and 2 untreated monkeys 
received mtracerebrall 3 " 1 cc. each of a 10 per cent virus-brain emulsion. All of 
the animals developed louping ill and died. 

It is obvious from a consideration of the experiments described 
above that the intraperitoneal injection of virus was the only method 
that completely protected the monkeys. Of 8 monkeys that were in- 
oculated in this manner, none developed louping ill on subsequent 
intracerebral injection of an amount of virus sufficient to cause the dis- 
ease in untreated animals. When immunization of tlie monkeys was 
attempted by instillation of the virus into the nares, no resistance 
w'as developed, and all 4 of the animals, when tested, developed typical 
louping ill. All of the monkeys that received immunizing injections 
intramuscularly also developed the disease when the}'’ were tested by 
intracerebral inoculation. 3, however, recovered almost completely 
and the condition of the 4th 3vas such that death from the disease 
seemed unlikely when it was killed for pathological examination. In 
this animal, the incubation period W'as 20 instead of the usual S days. 
Since these were the only monkeys in our experience that recovered 
from the disease after signs had developed, it seems justifiable to con- 
clude that they had acquired partial immunity due to the intramuscu- 
lar injections of virus. 

Inoculation of Louping III Immune Monkeys loith the Virus of 

Poliomyelitis 

As a result of our experiments on the immunization of monkeys 
against louping ill, animals refractor}' to that malady were available 
for inoculation with the \-irus of poliomyelitis. These monkeys, hav- 
ing been bled to secure serum for the neutralization e.xperiments that 
will be described later, were handled in the following manner. 
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tion in continuous series from the nose to the spinal cord, and, since 
the portal of entry is probably the same in man, it appears reasonable 
to suppose that the pathways of infection are similar in the human 
disease. Considerations of the human sAonptomatolog)’' and distribu- 
tion of pathological lesions elsewhere (2) discussed point to the same 
conclusion. 

All these considerations, experimental, pathological and clinical, 
appear to justify a conception of poliom)’'elitis as an infection of nerv- 
ous tissues alone throughout its coume, by a virus that is rather strictly 
neurotropic. Even within the nervous S5^stem itself a sharp tendency 
to preferential localization is clearly seen. The neopallial portions of 
the end brain and the cerebellum were never found to contain virus in 
our experiments, and the archipallial portion of the telencephalon 
(hippocampus) contained it but once and then late and in relatively 
small amounts. Moreover, the involvement of the diencephalon 
(hypothalamus, thalamus), while marked for a time, appeared to be 
transient. The suitability of the central nervous tissues to implanta- 
tion of the virus appears to be limited to the olfactory bulbs, brain 
stem (exclusive of the cerebellum) and cord; and the conditions suit- 
able for survival of the virus, to the olfactor>^ bulbs, midbrain, medulla 
and spinal cord. The clinical course in the majority of human cases 
indicates (2) that the anatomical range of optimal conditions for sur- 
vival of the virus may be much more limited than in the monkey, 
since permanent damage is usually left only in a portion of the anterior 
horns of the cord. 

During the preparalytic period in the monkey (the same may be 
assumed to hold true of man), it may be convenient to distin^sh 
four successive phases of poliomyelitic infection. 

1. Implantation in the olfactory mucosa. Infection of the olfactory’’ 
cells, and ascent through the axons of the olfactory nerv^es. First 3 
days (approximately). Xo signs or symptoms. 

2. Invasion and implantation in the olfactorj’' bulb (initial central 
nervous focus). No signs or symptoms. 4th day (approximately). 

3. Descent of virus through the olfactor}^ tracts; establishment of 
secondary' foci in the interbrain (h>T)othaIamus, thalamus), midbrain 
and medulla. No disturbances except occasionally fever, and later, 
general nervousness and apprehensiveness. 5th and 6th days (ap- 
proximately). 
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harmony with the general contentions of Fairbrother and Hnrst that 
virus is better adapted to survival in the lower portions of the cerebro- 
spinal axis than in the higher. 

6. The conception here presented of the manner of entrance and 
routes of propagation of the \Trus of poliomyelitis in the experimental 
animal appears to be in essential agreement with the clinical and patho- 
logical characteristics of the disease in man. Both the experimental 
disease and the disease as it occurs in man appear to present the 
features of an infection spread through neiv-ous tissue onl}’. It is 
mmecessar}^ to assume that at any stage of its progress, during the 
incubation period or later, systemic or general extranervous infection is 
present- 

For a more detailed re\dew of the human pathologj" and s\*mptom- 
atolog}^ as well as of the anatomical and experimental data relevant 
to the subject, and for a more exhaustive discussion of the broad con- 
ception of poliomyelitis as primarily and essentially a disease of the 
nervous system, the reader is referred to another paper (2). 

We are deeply indebted to Professor Edwin W. Schultz of the 
Department of Bacteriology^ at Stanford University who generously 
placed the facilities of his laboratories at our disposal and so made 
possible the prosecution of a study which otherwise would have been 
extremely^ difficult, if not impossible, for us to carry out. 
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s were suppUed by Dr. Flexner, it o^y remained for us to de\ase a safe 
lethod of immunizing monkeys against louping ill. 

Immiinizalion of Monkeys against Louping III 
It is common knowledge among shepherds that sheep Tvhich su^ve 
natural infection of louping ill are immune to the disease. Further 
nore, Grieg, Brownlee, Whson, and Gordon (1) have shown that s^ep 
lecome resistant to louping iU foUowing subcutaneous or mtradema 
njection, or intranasal insufflation of the virus. _ The last t^® 

.re not without danger, however, since a certam number of the sheep 
develop symptoms of the disease during the process of u^unizatio . 
.nndlay (5) was able to immunize monkeys by mtracerebral mocffla- 
ion of sublethal doses of the infectious agent. The mtracerebral 
method of immunization is obviously unsuitable for use m man. Fur- 
thermore, we were desirous of obtainmg information regarchng 
production of disease of the central nervous system when the virus was 
introduced into the body in several different ways. 
we attempted to immunize monkeys by intrapentonea an m 
cular injections of virus and by intranasal mstiUation of the active 

agent. 

Glycerolated infectious monkey brain was fn^lsTer 

alundum, and sufficient Locke’s solution was then added to make P"" “ 

emulsion. After centrifugation at about 1000 R-P.h- for 5 

liquid was removed and used for the immunizing inocuktio^- ^ emukmn 
ims prepared for each set of inoculations and was tested for the P^nce 
virus by means of intracerebral inoculation of 0.03 cc. of the 
6 mice 16 monkeys received repeated inoculations _o 

and were then tested for immunity against loupmg lU. The results obtamed 
detaUed below. monkeys received 3 intraperitoneal injec- 

tions, l a week, of 1-5 cc. of a 15 per cent -hus-bram emuhmn At ^ ^ 

the monkeys have fever nor did they show signs fun^eated 

nervous Jtem. 2 weeks after the last inoculation, the 8 t^ted and 6 ^txj^ted 
monkeys received intracerebrally 1 cc. each of a 10 per cent vxrus-bram emukiom 
None of the immunized animals became sick, whUe aU of the controls developed 

of 4 monke>-s received 3 “tramus^Mec- 
tions, 1 a week, of 3 cc. of a 15 per cent virus-bmm 

mained well during the period of immunization. 2 weeks after the Lst moculation. 
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ability to breed animals showing the abnormalities and to follow their 
development through embryonic and postnatal life affords a new 
method of approach to such problems. 

The present paper describes the deformities as they occur in the 
rabbit, compares them with those foimd in man, and summarizes 
briefl}^ the results of studies on their pathogenesis. 

Types of Synostosis 

Examination of a large series of skulls of different ages shows that 
in the rabbit there are four distinct types of deformity based on pre- 
mature sutural fusion and depending upon the suture or sutures af- 
fected. These are illustrated in Figs. 1 to 8 and may be designated 
as scaphocephaly, trigonocephaly, plagiocephaly, and oxycephaly. 

In order to avoid confusion a definition of these terms is necessary. 
The normal skull of the rabbit is illustrated in Figs. 1 and 6. Scapho- 
cephaly (Figs. 3 and 4) is used in reference to the deformity resulting 
from fusion of the sagittal suture, plagiocephaly (Fig. 8) to that result- 
ing from fusion of a single segment of the coronal, left or right, tri- 
gonocephaly (Fig. 5) to fusion of both coronals, and oxycephaly (Figs. 
2 and 7) to fusion of both coronals and the sagittal suture. 

These various types are common in certain breeds of rabbits and 
apparently are in no way incompatible wdth healthy cage life. Casual 
observation w'^ould not distinguish affected animals from normal mem- 
bers of the same litter, and although close examination may separate 
a shortened or asymmetrical head, correct differentiation can only be 
made by careful palpation. In this respect the deformities differ from 
those occurring in man. In man they produce a striking physiognomy 
and an unsightliness wdiich prompted Homer’s use of oxycephaly m 
portraying Thersites as the ugliest of men who ever came to Ilium. 

Associated Abnormalities 

S}*ndactylism and other physical anomalies occasionally associated 
with craniosjmostosis in man have not been found in the rabbit. It is 
of interest to note, however, that these cranial variations were first 
recognized in a line of closely inbred rabbits w'hich showed, among 
other abnormalities, an extreme adiposity. In two other inbred lines 
ciw'ptorchism is of frequent occurrence (hereditary). One of these 
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Each of 4 monkeys immune to louping ill and 2 normal monkeys (controls) 
received intracerebrally 0.8 cc. of Locke’s solution plus 0.2 cc. of a Berkefeld N fil- 
trate of a 5 per cent cord emulsion prepared from a monkey with poliom 3 ^elitis 
induced by the ''mixed virus” strain. All of the animals developed poliomyelitis 
and died or were sacrificed when death was imminent. The louping ill immune 
monkej’s and the control animals responded to the infection in a similar manner. 

From the experiment just described, it seems evident that monkeys 
refractory to louping ill virus introduced intracerebrally are not im- 
mune to the virus of poliomyelitis administered in a similar manner. 

Inocidatioii of Poliomyelitis Immune Monkeys with the Virus of 

Louping III 

Monkeys that had recovered from attacks of poliomyelitis ^vere bled 
to secure serum for neutralization experiments and then tested in the 
following manner for immunity to louping ill. 

3 monkeys that had survived attacks of poliomyelitis induced by intracerebral 
or intradstemal injections of the “mixed virus” strain were supplied by Dr. Flex- 
ner. 2 of the animals had had the disease 17 months and 1, 10 months prior to 
the time they were received by us. The 3 poliomyelitis immune monkey's and 3 
normal monkeys (controls) received intracerebrally'' 1 cc. each of a 10 per cent 
emulsion prepared from the brain of a monkey with louping ill. All of the animals 
developed louping ill and died. The monkeys immime to poliomyelitis and the 
control animals responded to the virus in a similar manner. 

The above experiment indicates that monkeys which have recovered 
from attacks of poliomyelitis are not immune to louping ill virus intro- 
duced intracerebrally. 


Neutralization Tests 

In addition to the experiments already described it seemed ad\ds- 
able for us to pursue the investigation of the immunological relation of 
poliomy^elitis to louping ill by testing the sera of monkeys immune to 
poliomyelitis for the presence of antibodies capable of inactivating 
the virus of louping ill. Before these experiments w’ere undertaken, 
however, it was essential to determine whether such antibodies are 
present in the sera of louping ill immune monkeys. 

The \'irus emulsions used in the neutralization experiments were prepared from 
pooled brains of mice killed at the height of a louping ill infection. After remo\i>I 
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parietal with frontal bones. The frontal bones show an anteroposterior 
shortening, most evident between the bases of their supraorbital proc- 
esses and the fused coronal sutures. The posterior wings of these 
processes present an increased and irregular lateral curvature with 
their thick extremities in contact with the anterior tips of pronounced 
temporal lines. Frontal eminences are absent and the slope of the 
bones unchanged from the frontonasal suture to the obliterated coro- 
nals. Parietal bones are markedly flattened, sometimes slightly con- 
cave, and form more posterior walls than roofs of the cranial cavity. 
Bosses are not present. 

Trigonocephaly . — ^In trigonocephaly (Fig. 5) the bregmatic peak is 
absent and a transverse ridge marks the fused coronals. F rontal bones 
are similar to those described above and at their union with parietals 
the slope of the calvarium is reversed, Parietals articulate with each 
other at a slight angle to form a sagittal suture of normal appearance. 
The degree of parietal flattening makes two classes of tins type of 
skull. In one class these bones are markedly flattened from birth 
and show small ill defined bosses lying close to the fused coronals. In 
the other class, the bones are more rounded with well marked bosses 
in their normal positions. 

Plagiocephaly . — In plagiocephaly (Fig. 8) the disproportionate 
growth between the fused and normal sides causes a complete loss of 
sjrmmetry with distortion of individual bones. The fused side presents 
all the characteristics of trigonocephaly, and here also the two different 
classes may be distinguished. The parietal and frontal bones are 
shorter and the nasal bones longer in anteroposterior extent on the 
affected side. The sagittal and frontal sutures, instead of forming a 
straight line between lambda and nasion, describe a curve convex 
toward the normal side. The nasal suture presents a slight curve in 
the reverse direction so that the combined midline sutures of the skull 
tend to resemble the letter S. The contour of the interparietal, a 
small oval bone l>dng between the two parietals and the supraoccipital, 
is markedly dianged, the portion on the affected side being much 
larger than that on the normal side. The position of the bone is also 
altered, its plane facing posterolaterally rather than directly posterior 
as in the normal skull. Fusion of the sagittal suture may occur with 
this variation, increasing the distortion and accentuating the lateral 
curvature of the skull. 
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allowed to stand 2 hours at room temperature and 1 hour in a refrigerator at 0®C. 
After the period of standing, 0.03 cc. of the different mixtures were injected into 
each of 6 mice. The results appear in Table IT. 

TABLE I 


Summary of Experiment to Determine 'whether the Sera from Monkeys Immunized 
against Louping 111 Contain Neutralizing Antibodies 


Dilution of 
virus 

Xo- of mice 
inoculated 

No. of deaths 

Percentage of 
deaths 

Day of death 

Average time 
of death 

Louping ill immune serum plus virus dilutions 

lO'i 

6 


50 

8, 8, 10 


10“^ 

6 


0 



10-5 

6 


15 

11 


10-^ 

6 

1 

15 

10 


10-^ 1 

6 

0 

0 




24 

5 

21 


I 9-4 days 


Normal monkey serum plus virus dilutions 


10-5 

6 

6 

100 

6, 6, 6, 6, 7, 7 


10-2 

6 

5 

80 

^ 


10-5 

6 

5 

80 

7, 7, 7, 7, 11 


10-^ 

5 

0 

0 



79-5 

5 

0 

0 




23 

16 

70 


7.1 days 

Locke's solution plus virus dilutions 

10-5 

6 

2 

35 

7, 14 


10-2 

6 

0 

0 



10-2 

5 

0 

0 



10-* 

6 

0 

0 



iO-s 

6 

0 

0 




23 

2 

9 


10.5 da3*s 








Figures in italics have been omitted from calculations. 


The results of the experiment summarized in Table 11 show that of 
the mice that received the fresh mixtures of \rirus and Locke’s solution 
/O per cent died (average time of death, 6.7 days), while of the mice 
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parietal with frontal bones. The frontal bones show an anteroposterior 
shortening, most evident between the bases of their supraorbital proc- 
esses and the fused coronal sutures. The posterior wings of these 
processes present an increased and irregular lateral curvature with 
their thick extremities in contact mth the anterior tips of pronounced 
temporal lines. Frontal eminences are absent and the slope of tlie 
bones unchanged from the frontonasal suture to the obliterated coro- 
nals. Parietal bones are markedly flattened, sometimes slightly con- 
cave, and form more posterior walls than roofs of the cranial cavity. 
Bosses are not present. 

Trigonocephaly . — ^In trigonocephaly (Fig. 5) the bregmatic peak is 
absent and a transverse ridge marks the fused coronals. Frontal bones 
are similar to those described above and at their imion with parietals 
the slope of the calvarium is reversed. Parietals articulate with each 
other at a slight angle to form a sagittal suture of normal appearance. 
The degree of parietal flattening makes two classes of this type of 
skull. In one class these bones are markedly flattened from birth 
and show small ill defined bosses lying close to the fused coronals. In 
the other class, the bones are more rounded wth well marked bosses 
in their normal positions. 

Plagiocephaly . — In plagiocephaly (Fig. 8) the disproportionate 
growdh between the fused and normal sides causes a complete loss of 
symmetry with distortion of individual bones. The fused side presents 
all the characteristics of trigonocephaly, and here also the two different 
classes may be distinguished. The parietal and frontal bones are 
shorter and the nasal bones longer in anteroposterior extent on tlie 
affected side. The sagittal and frontal sutures, instead of forming a 
straight line betw'een lambda and nasion, describe a curve convex 
tow'ard the normal side. The nasal suture presents a slight curve in 
the reverse direction so that the combined midline sutures of the skull 
tend to resemble the letter S. The contour of the interparietal, a 
small oval bone lying betw’een the two parietals and the supraoccipital, 
is markedly changed, the portion on the affected side being much 
larger than that on the normal side. The position of the bone is also 
altered, its plane facing posterolaterally rather than directly posterior 
as in the normal skull. Fusion of the sagittal suture may occur with 
this variation, increasing the distortion and accentuating the lateral 
curvature of the skull. 
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louping ill \drus and louping ill immune serum died, while there was a 
mortality of S3 and 55 per cent respective!}" among the animals receiv- 
ing mixtures of \drus and normal serum, and \drus and poliomyelitis 


TABLE m 


Sumviary of an Expert mail io Determine 'whether Sera from Monkeys Recovered 
from Poliomyelitis Are Capable of Neutralizing Louping III Virus 


Dilution of 
virus 

No. of mice 
inoculated 

No. of deaths 

i 

Percentage of 
deaths 

Day of death 

Average time 
of death 

Normal monliey serum plus virus dilutions 

10-1 

5 

5 


6, 7, 7, 7, 7 


10-2 

6 

2 


7,9 


10-5 

6 

2 


7, 10 



6 

0 

0 




6 

0 

0 




17 

9 

53 


j 7.4 days 


Poliomyelitis immime serum plus virus dilutions 


10-1 

10-2 

10-5 

JO-* 

/0-5 

6 

6 

6 

6 

6 

4 

4 

2 

0 

0 

70 

70 

35 

0 

0 

7, 7, 7, S 

7, 7, S, 10 

9, 14 



18 

10 

55 


8.4 days 

Louping ill immune serum plus \drus dilutions 

10-1 

6 

0 

0 



10-2 

5 

0 

0 



10-3 

6 

0 

0 




6 

0 

0 




6 

0 

0 




17 

0 

0 




Figures in italics have been omitted from calculations. 


immune serum. The findings displayed in Table R* are similar to 
these just enumerated : 77 and 70 per cent respectively of the mice that 
received mLvtures of \drus and normal serum, and \'irus and poliomye- 
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Changes in the sella turcica axe not niaxhod. The h\-pophyseal fossa 
shows no constant change although in ox>-cephaly and trigonocephaly 
the posterior clinoid processes are slightly longer a.nd directed more 
laterally than normal. 


Base of the Sk'j]] 

The base of the skull in o.xyxephaly and trigonocephaly shows a 
varying degree of lordosis. In plagioccphal}-, the occipital bone to- 
gether with the tympanic bulbae is twisted toward the fused side. 
The portion anterior to the spheno-occipital synchondrosis shows a 
twist in the opposite direction. This distortion, by changing the plane 
of the cutting edge of the upper incisors, causes unequal wear and 
there results a gradual shortening of the teeth toward the fused side. 
Scaphocephalic skulls show no basilar changes. In none of these 
conditions do the basal foramina show either consistent enlargement 
or constriction. 

A comparison of the different craniosymostotic types shews that the 
alterations resulting from coronal fusion axe more naemring and 
probably^ of much greater functional importance tn.an xnose resulting 
from sagittal fusion. This observation may' name a pratx 
on the treatment of oxy^'cephaly'. In m.a 
vocated in wdiich artificial coronaa ana seigutoi turns am "rn.ve by 
the excision of strips of craniura.em.ar.pertormei.ffunncanTly iuj^cy, 
is said to prevent the nsna.l neioraar.y. 'In viow-o: nU^ y 't).^'>^r 

ration, it seems pTobable that a. rts^uk -rre-n^r. -’••amiuiiiue.i 

limiting the operat ion to enrO'^o .eve^h'--' ec-m a-nc *c-ms'-’-moU am..re 
dangerous sagittal nxehion. 
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Changes in the sella turcica are not marked. The hypophyseal fossa 
shows no constant change although in oxycephaly and trigonocephaly 
the posterior clinoid processes are slightly longer and directed more 
laterally than normal. 


Base of the Skull 

The base of the skull in oxycephaly and trigonocephaly shows a 
varying degree of lordosis. In plagiocephaly, the occipital bone to- 
gether with the tympanic bulbae is twisted toward the fused side. 
The portion anterior to the spheno-occipital synchondrosis shows a 
twdst in the opposite direction. This distortion, by changing the plane 
of the cutting edge of the upper incisors, causes unequal w^ear and 
there results a gradual shortening of the teeth towmrd the fused side. 
Scaphocephalic skulls show^ no basilar changes. In none of these 
conditions do the basal foramina show either consistent enlargement 
or constriction. 

A comparison of the different craniosynostotic types shows that the 
alterations resulting from coronal fusion are more deforming and 
probably of much greater functional importance than those resulting 
from sagittal fusion. This observation may have a practical bearing 
on the treatment of oxj’^cephaty. In man, an operation has been ad- 
vocated in wdiich artificial coronal and sagittal sutures are made by 
the excision of strips of cranium, and if performed during early infanc}^ 
is said to prevent the usual deformity. In view of tlie above obser- 
vation, it seems probable that a similar result w^ould be obtained by 
limiting the operation to coronal excision alone and foregoing the more 
dangerous sagittal excision. 

Changes in Other Organs 

The brain in these variations is apparently not altered in size but 
is modified in shape to conform to the altered cranial cavity. The 
hj-pophysis presents no gross anatomical change and microscopic 
examination has not been made. Meninges show no indication of local 
or general inflammation. Hydrocephaly in any form has not been 
found associated with oxycephaly or trigonocephaly. Internal hy- 
drocephaly is occasionally found in plagiocephaly in w'hich condition 
the otherwise normal side is bombose and shows numerous scattered 



OXYCEPHALY AND ALLIED CONDITIONS IN MAN AND IN 

THE RABBIT 


By HARRY S. N. GREENE, M.B. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 

Plates 60 akd 61 

(Received for publication, jMarch 10, 1933) 

Despite the numerous studies which have been made on osj’^cephaly 
and allied abnormalities of the skull, there is still some uncertainty 
concerning the pathogenesis of these conditions. Some investigators 
attribute the deformities to primarj’' abnormalities of the sphenoid 
bone, but the majority opinion is that premature sutural fusion in the 
calvarium is fundamental in their production- 
injuries in early life, diseases of the cranial bones, abnormalities of 
the brain, and inflammation of the meninges have been considered as 
possible causes of the premature bony union, and tuberculosis and 
syphilis have been emphasized in the theories supporting an inflam- 
matory origin. At present it is, however, quite generally agreed that 
the sutural fusion arises either as a result of injuries during early em- 
br^^'ordc life or actual changes in the germ plasm. Faber (1) suggests 
that injuries resulting from increased amnionic pressure on the ex- 
tremely ^nllnerable differentiating blastema may play an important 
part. The theory advanced by Rieping (2) is of particular interest. 
He describes an oxycephalic skull showing ossification centers com- 
mon for both frontals and parietals situated in the fused coronal sutures, 
and considers the deformity due to this abnormality in position. 

Study of the literature concerning the inheritance of these conditions 
shows their occurrence in more than one generation of a family to be 
relatively imcommon, and although more frequent in members of the 
same generation, the majority of cases are found as isolated instances. 

These conceptions are based entirely on studies of human material 
which is not subject to experimental test or control. A comparable 
series of s^mostotic variations has been found in the rabbit (3). The 

967 
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The question arises r^lof; 
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lines transmits hydrocephalus and the other a “cretinoid’’ condition 
of uncertain etiology- In view of the cases reported in man, in which 
cranial abnormalities were associated with hemorrhagic icterus, it is 
also of interest to note that in a litter from the mating of an Fi doe 
to her trigonocephalic parent, there were two tj^ical cases of hemor- 
rhagic icterus. Other instances of this condition may have escaped 
notice. However, none of these conditions can be regarded as a neces- 
sary accompaniment of the cranial abnormality. The frequency of 
association is apparently accidental as synostotic variations have been 
found in other lines of animals which present none of these irregularities. 

Signs of craniosynostosis, other than those present in the skull, are 
inconstant. A mild degree of exophthalmos is common in one adipose 
albino line, but no more pronounced in craniosynostotic than in normal 
members. Examination of the bony orbit shows no structural cause 
for this condition and its probable explanation lies in increased size 
of fatty pads. In other lines affected individuals show no exophthal- 
mos, their eyes appearing rather more deeply placed than normal. In 
plagiocephaly it is usual to find that the eye of the normal side pro- 
trudes more than that of the synostosed side. Nystagmus is uncommon 
although in plagiocephaly a degree of squint occurs compensating for 
the a53rmmetrical orbits. Retinal e xamin ations have not been made, 
but obser\^ation of the behavior of many animals gives the impression 
of deficient sight. In man, cases of coronal fusion ordinaril}’’ show 
considerable exophthalmos which is explained by the shallowness of 
bony orbits. The failure of this sign to develop in rabbits is accounted 
for by the absence of such an anatomical alteration. 

The Adult Skull 

Adult craniosynostotic skulls present structural alterations not 
generally pronounced at birth and will be described in detail. The 
normal contour of the calvarium is modified and the size, shape, and 
relations of individual bones are altered. 

The Calvarium 

Oxycephaly.— In ox>xephaly (Figs. 2 and 7) a raised peak occupies 
the bregmatic region and sharp ridges indicate the sagittal and coronal 
sutures obliterated by the angular union of parietal bones and of 
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EXPLANATION OF PLATES 
Plate 60 

Fig. 1. Lateral \aew of normal skull of the rabbit. 

Fig. 2. Ox 5 ’-cephaly. Note the altered shape of the orbital foramen and contour 
of the whole orbit as compared with Fig. 1. 

Fig. 3. Scaphocephaly. The anteroposterior arch shoum by this skull is more 
marked than usually found in scaphocephaly and is due to conditions other than 
the sagittal fusion. 

Plate 61 

Fig. 4. Calvarium in scaphocephaly sho^^dng absence of normal denticulations 
in the sagittal suture and fusion of the portion lying between parietal bosses (com- 
pare with Figs. 5, 6, 8). 

Fig. 5. Calvarium in trigonocephaly. Fusion is limited to the mid-section of 
each coronal segment and these sutures are devoid of normal denticulations. Pari- 
etal flattening, frontal shortening, and the changed relationship between these 
bones is brought out by comparison with the normal skull shoum in Fig. 6. 
Fig. 6. Cahmrium in normal skull. 

Fig. 7. Calvarium in oxj'-cephaly. The abnormalities foimd in Figs. 4 and 5 
are combined. 

Fig. 8. Calvarium in plagiocephaly showing fusion of the right coronal segment. 
The abnormalities characteristic of trigonocephaly are seen on the fused side and 
the deformity resulting from disproportionate growth is obvious. The asym- 
metrical interparietal bone is seen lying between the two parietals and the occipital 
bone. 
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Scaphocephaly , — ^Fusion of the sagittal suture in scaphocephaly 
(Figs. 3 and 4) produces a ridged condition of the posterior calvarium 
in which flattened parietals unite at a considerable angle and the verti- 
cal distance between squamosal and saggital sutures is increased. 
Parietal bosses are small but distinctly outlined and lie close to the 
fused sagittal suture. The coronal sutures and the anterior calvarium 
are not affected. 

In all these deformities, sometimes called the peak, dome, unilateral 
dome, and ridge because of the calvarial modification, the affected 
suture may be obliterated throughout its extent and entirely replaced 
by bone. In most instances, however, true bony union occurs onI\^ 
in its middle portion, extremities being open although devoid of normal 
denticulations. Cross-section through a fused suture shows both 
inner and outer tables thickened and separated by an increased amoimt 
of diploe. 

The Orbit 

Orbital changes are present in oxycephaly, trigonocephal}", and on 
the fused side in plagiocephaly. In all these variations the circum- 
ference of the orbit is increased by greater curv^ature of the zygoma.tic 
^rch. Its depth is not decreased, the more perpendicular plane of 
the frontal portion of the roof being compensated for by its greater 
extent. The posterior wall shows a more convex curvature both to- 
ward the orbit and the ventral surface of the skull, and the alisphenoid 
occupies a nearly transverse plane. The orbital foramina are not 
constantly altered but are often smaller than normal or constricted in 
one diameter. 


Cranial Fossae 

The cranial fossae are also altered in these deformities. In 0 x 3 ^- 
cephaly, the floors of the middle and posterior fossae are deepened and 
Widened and their walls show convolutional markings and deep sinus 
grooves. The middle fossa is somewhat constricted b}^ bulging of the 
posterior orbital walls. Similar but less marked changes occur in 
tngonocephaty, and the disporportions expected from the calvarial 
^>Tnmetr\’' are evident in plagiocephaly. Middle and posterior fossae 
sre deeper and narrower in scaphocephah" than in the other deformities. 
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Scaphocephaly . — Fusion of the sagittal suture in scaphocephaly 
(Figs. 3 and 4) produces a ridged condition of the posterior calvarium 
in which flattened parietals unite at a considerable angle and the verti- 
cal distance between squamosal and saggital sutures is increased. 
Parietal bosses are small but distinctly outlined and lie close to the 
fused sagittal suture. The coronal sutures and the anterior calvarium 
are not affected. 

In all these deformities, sometimes called the peak, dome, unilateral 
dome, and ridge because of the calvarial modification, the affected 
suture may be obliterated throughout its extent and entirely replaced 
by bone. In most instances, however, true bony rmion occurs only 
in its middle portion, extremities being open although devoid of normal 
denticulations. Cross-section through a fused suture shows both 
inner and outer tables thickened and separated by an increased amoxmt 
of diploe. 

The Orbit 

Orbital changes are present in oxycephaly, trigonocephaly, and on 
the fused side in plagiocephal 3 ^ In all these variations the circum- 
ference of the orbit is increased by greater cur\’’ature of the zygomatic 
arch. Its depth is not decreased, the more perpendicular plane of 
the frontal portion of the roof being compensated for by its greater 
extent. The posterior wall shows a more convex curvature both to- 
ward the orbit and the ventral surface of the skull, and the alisphenoid 
occupies a nearly transverse plane. The orbital foramina are not 
constantly altered but are often smaller than normal or constricted in 
one diameter. 


Cranial Fossae 

The cranial fossae are also altered in these deformities. In oxy- 
cephaly, the floors of the middle and posterior fossae are deepened and 
Widened and their walls show convolutional markings and deep sinus 
grooves. The middle fossa is somewhat constricted by bulging of the 
posterior orbital walls. Similar but less marked changes occur in 
trigonocephaly, and the disporportions expected from the calvarial 
^3’inmetr}’ are exddent in plagiocephaly. hliddle and posterior fossae 
^re deeper and narrower in scaphocephaly than in the other deformities. 
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being found to any appreciable extent either in the l}Tnph of the effer- 
ent lymphatic vessel or in its l}nnph node. As this state of affairs 
was not observed in the axilla of the normal foreleg it is quite likely 
that with the blockage of lymphatics in the inflamed area a certain 
amount of dye was carried into the adjacent tissue along vith the 
spread of the edema fluid. A similar diffusion in the peril}Tnphatic 
tissues had previously been noted in the substernal region v'iien vari- 
ous foreign substances had been injected into an inflamed peritoneal 
cavity in which the tributary retrosternal lymphatic vessels had been 
occluded. 

Histological studies were made of inflamed areas of about 4 hours 
duration at a time when trypan blue had been shown to be fixed at 
the site of staphylococcus inflammation. There was generally a 
moderate amount of edema as shovm by the separation of tissues. 
Lymphatics were found vdth their lumina completely or in part oc- 
cluded by a very delicate fibrinous reticulum (see Fig. 1, Rabbit 
7-18). Small deposits of fibrin were also seen in a few areas of such 
sections. Clumps of staphylococci were frequently observed in close 
association with fibrinous strands. There was a variable degree of 
cellular infiltration consisting primaril)’- of pol 5 Tnorphonuclear leuco- 
cytes. 

Sections of inflamed skin of 19 to about 23 hours duration revealed 
tissue thickened by a very extensive infiltration of leucocytes pre- 
dominantly poljnnorphonuclear in tjqie. At the periphery of the 
infiltrated zone a reticulum of fibrin varying in its extent was often 
seen. Lymphatics were found completely occluded by a relatively 
coarse fibrinous network (Fig. 5, Rabbit 10-24). Cocci were seen in 
abundance throughout the section. 

The axillary hmiph node displayed considerable extravasation of 
red cells. These er}' throcytes frequently assumed a peculiar tendency 
to adhere to the periphery of mononuclear phagocytic cells. Poly- 
morphonuclear leucocytes were found interspersed throughout. In 
sections of nodes draining an inflamed area of only 6 hours duration 
numerous cocci were seen mostly witliin mononuclear cells though in 
some cases the organisms were located extracellularly. 

The results obtained when Staphylococcus aureus is used as an m- 
flammator}- irritant show that the inability of tr^qian blue to reach 
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parental deformity, also contain animals with normal skulls, accessory 
bones, and reversed sutures. Accessory bones are supernumerary 
bones in the bregmatic region produced by an accessory suture extend- 
ing from the coronal to the sagittal suture. They have also been 
found to occur without relation to craniosjmostosis, and in such condi- 
tion their production seems to depend upon the action of a single pair of 
hereditary factors. Reversed suture is a condition in which the normal 
course of the coronal is altered at some distance from the bregma by a 
more or less abrupt posteromedial change in direction that continues 
to the sagittal which is thus intersected in its middle third. This 
condition is relatively rare and little is known of its genetics. It is 
possible that these variations together with the normal skulls found 
in such litters are produced by heterozygous combinations of the fac- 
tors responsible for craniosynostosis. A sufficient number of offspring 
have as yet not been obtained from oxycephalic or scaphocephalic 
parents to show that true breeding occurs, but the existence of a genetic 
as well as a formal relationship between the various types is proved by 
the fact that aU have been obtained by different matings from the same 
oxycephalic parent. 

CONCLUSIONS 

Cranio5)aiostosis and the pathological complex with w’hich it is 
associated in the rabbit are not identical with the abnormalities seen 
in man; but apparently the two sets of conditions have enough in com- 
mon to warrant the conclusion that they probably have a common 
mode of origin. The evidence so far obtained shows that in the rabbit 
these conditions are hereditary. The factors for the production of 
the cranial abnormalities are widespread, but the occurrence of de- 
formities is comparatively rare in a general animal population. In- 
breeding and selective matings, however, tend to increase their fre- 
quency and also the frequency of other abnormalities with W’hich they 
may be associated, either by chance or by close genetic relationship 
m the germ plasm. In this wa)% a pathological complex is built up 
^ud perpetuated. 

In so far as the cranial abnormalities are concerned, it seems now 
that ox}"cephaly and related conditions are variations resulting from 
a displacement or division of primary" ossification centers controlled 
hy hereditary factors. 
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STUDIES ON INFLAMMATION. IX 


The Retention of Trypan Bine in Areas of Inflammation Induced by 

Streptococci 

The experiments on the fixation of trjTDan blue were repeated, using a suspen- 
sion of Slrepiococcns bcmolylicits as the inflammatory irritant. The high invasive 
ability of streptococci is well known. Streptococci, as in the case of Pneumococcus 
Tv^pe I, were recovered in some cases by culturing the Ijnnph drarni from 
the efferent axillary tymphatic vessel a few hours subsequent to the subcu- 
taneous inoculation of the organisms, and they were also found in histologic 
preparations of the axillar>’^ lymph nodes. In Rabbit 7-01 (74 hours inflammation) 
a section of the liver revealed the presence of the organisms in abundance. In all 
e.xperiments the Strain S-23 of Lancefield {Streptococcus hcmolyticus) grown on 
blood broth was used. Several hours after intracutaneous inoculation of the or- 
ganisms in the foreleg a reaction appeared in the skin which was usually charac- 
terized by varj'ing degrees of redness, necrosis, suppuration, and swelling. 

The results as concerns the retention of trypan blue in these inflamed 
areas are shown in Table III. Fixation of this dye occurred relatively 
soon after the injection of either staphylococci or pneumococci (1 and 
6 hours respectively), but at a considerably later period when strepto- 
cocci acted as the inflammatory irritant, definite evidence of fixation 
not being obtained until 45 hours after cutaneous inoculation vdth the 
microorganism. An inflamed area caused by streptococci obviously 
becomes localized considerably later than in the case of staphylococa 
or pneumococci. 

Histological studies reveal patent lymphatics at a time when trypan 
blue diffuses readily from a streptococcus inflammatory area (see 
Figs. 3, 6, and S and Experiments 6-59, 10-10, and 10-11). However, 
when the reaction has been going on for 45 hours or longer and fixation 
of the dye has been demonstrated, one finds in addition to the intense 
cellular infiltration, Ijunphatics occluded by dense leucocytic thrombi 
(see Fig. 4, Experiment 6-42). Areas of delicate fibrinous meshwork 

in the same communication to the studies of Field, Drinker, and White (14) who 
expressed the riew that there could be no generalized thrombosis of lymphatics 
draining an area of extensive sterile inflammation induced by hot water. Evi- 
dences recently obtained in this laborator}’ have demonstrated that in such an 
inflamed area, as in other tj-pes of inflammation preriously studied, li-xation of 
tPi'pan blue is primarily due to mechanical obstruction in the form of coagulated 
plasma in tlic tissue spaces of the inflamed area, and also in part to the presence 
of thrombosed lymphatics at the site of inflammation. These observations will 
form tlie subject of a separate communication elsewhere (15). 



STUDIES ON INFLMIIMATION 
IX. A Factor in the Mech-^nisii oe lN\cASi\rENESS bv Pyogenic 

B.A.CTEEIA*t 
Bv VALY’ jMENKIN, M.D. 

{From the Deparlmenl of Pathology, Harvard University Medical Sdwol, Boston) 

Plates 62 and 63 

(Received for publication, Febniar}' 20, 1933) 

In previous studies it has been shown that various foreign 
injected into an acutely inflamed area are flxed m stfu and fad to 
disseminate readily to the tributarj’^ l 3 Tnphatic no ^ ^ ' j ^ 
eign substances studied included, among others, trj’pan ^ 
teria (2). The mechanism of the fixation of these substances was 
shown to be primarily the result of mechanical obstmction 
both of a fibrinous network and of thrombosed Ijmip a,tics a e a e o 
inflammation (3) . Fixation has been found to take place m im i 
stages of the inflammatorj’’ reaction occurring as ear \ as mm 
to 1 hour following the injection of an inflammatory ^mtant. In the 
majority of experiments chemical imtants were emp o>e , a e 

ronat or croton oil. • i. • 

The intensity and rapidity with whidi an inflammator}' irntant is 

circumscribed in a tissue area varies with the tj^ie o irn • 
speed with which an irritant causes a region to be walled off by me- 
chanical obstruction in the form of either thrombose '"mp p 

a fibrinous network or of both is necessarily an important index m 
determining its ability to disseminate ultimately into the cmculating 
blood stream. This holds true if the irritant per sc can rea^y dram 
through Ijmiphatic vessels from the site of inoculation. That bac- 
teria disseminate from the site of inoculation through bmiphatics has 

* This studv was aided by a grant from the DeLamar ^lobile R^earch Fund. 
jRead befme the American Association of Pathologists and Bactenologists, 
^Vaslungton, May 9, 1933. 



988 


STUDIES ON INFLAMMATION. DC 


be explained, at least in part, by the type of response induced in the 
tissues of the host. 

In order to determine whether in all of these experiments the volume of culture 
medium injected with the bacteria played any significant part in the results ob- 
tained, two rabbits were injected in the skin of the foreleg with 1 and 1.5 cc. of 
infusion hormone broth and blood broth respectively. About 17 hours later no 
signs of inflammation were apparent at the site of inoculation. Trypan blue in- 
jected into the area penetrated to the tributarj'^ lymphatics as readily as when in- 
jected into the normal foreleg. Whatever injury may be produced by the infu- 
sion or blood broth is evidently so slight that no fixation of dye occurs. T,he 
results obtained are apparently due wholly to the action of the microorganisms 
inoculated. 

In the case of the experiments with streptococci, two of the animals received 
small amounts of dj^e in their inflamed forelegs (Rabbits 10-15 and 10-14). This 
was done in order to determine whetlier some fixation could be obtained by reduc- 
ing the amount of dye injected at the site of a streptococcus inflammation. But 
even small quantities of dye failed to be fixed when introduced 18 or 19 hours fol- 
lowing the inoculation of the microorganisms. These observations coupled with 
the histologic picture of patent lymphatics show that the free diffusibility of try- 
pan blue to the tributary lymphatics in streptococcal inflammation is not the re- 
sult of an excess of injected dye. 


DISCUSSION 

The foregoing observations clearly show that the rapidity with 
which an area of acute inflammation becomes so walled off that foreign 
substances fail to spread readily from it is a function of tlie irritant. 
The intensity and rapidity with which an inflammatory irritant will 
induce in tissues the formation of a mechanical barrier either in the 
form of coagulated plasma or of thrombosed lymphatics or both is an 
important factor in preventing various materials, including the irri- 
tant itself, from extending to the tributary lymphatics. Staphylo- 
cocci, by their high necrotizing power, cause the formation of thrombi 
in lymphatics and hence fixation within about 1 hour after their 
introduction into normal cutaneous tissue. The streptococci em- 
ployed in this experiment, on the other hand, accomplished this only 
about 45 hours later. The fact may account for the difference in 
invasive behavior of staphylococcus and streptococcus. It is con- 
ceivable, however, that there may also be other factors involved. 

The observations reported in this communication present an inter- 
esting paradox. Staphylococci tend to remain localized and produce 
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bacterial suspension, the passage of the dye occurred in both the nor- 
mal and inflamed side Yrith about equal intensity. If, however, the 
dye was injected slightly over 1 hour after the bacterial irritant, try- 
pan blue reached the Ijonph node or its efferent Ijnnphatic vessel in 
greatly reduced quantities. Evidently the fixation or retention of the 
dye in a staphylococcus inflamed area occurs very early and is detec- 
able about 1 hour after the onset of inflammation. It is of interest in 
this connection to note that in a pre^^ous study (2) trypan blue has 

TABLE I 


Relenlion of Trypan Blue at the Site of Staphylococcus Inflammation 


Rabbit Ko. 

Interv*al 
betireen injec- 
tion o! 
irritant and 
that of dye 

Total 

duration of 
inflamma- 
tion 

Presence of dye on inflamed 
side 

Presence of dye on normal 
side 

Ljmipb 
of efferent 
lymphatic 

Lymph node 

Lymph 
of efferent 
lymphatic 

Ljmph node 


hTs.:min. 

hrs.irrAn, 





7-05 

0:0 

2:23 

++ 


++ 

+++ 

7-07 

0:30 

1:52 

+++ 

+4-4- 

+++ 

++ + 

10-26 

1:03 

3:33 

Faint trace 

Trace 

+ 

+ 

10-26A 

1:43 

4:00 

0 

Faint trace 

Trace 

+ 

6-61 

1:35 

4:07 

Faint trace 

0 

++ 

+ 

7-18 

1:45 

4:07 


Trace 


++ 

10-27 

3:43 

5:55 

0 

; 0 

+ 

+ + 

10-21 

17:38 

19:45 

0 

0 

++ 

++ 

10-22 

17:40 

19:55 

0 

0 

++ 

JL. 

10-20 

21:50 

23:00 

0 

Trace 


+ + 

10-23 

21:05 

23:16 

0 

0 

Trace 

+ + + 

10-24 

20:57 

23:28 

0 

0 

++ 

+ + 


been shown to be fixed as early as 30 minutes after the introduction 
of aleuronat into tissues. 

The cutaneous site of staphylococcus inoculation in the earliest 
stages showed only moderate swelling and redness. As the inflam- 
inatory reaction progressed a tj'pical abscess formed with a discolored 
iiecrotic central focus surrounded by a zone of redness. The degree 
of swelling at this stage (17-23 hours) was as a rule extremely con- 
spicuous. The axillarj’- Ijmph nodes were moderately enlarged and 
congested. The dye often diffused from the point of its inooflation 
^ough the inflamed tissues almost up to the axilla without, however, 
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are also frequently seen. It appears from all these obsen-’^ations that 
the rapidity with which these three microorganisms establish mechani- 
cal blockage of lymphatics draining an inflamed area is greatest in the 
case of the staphylococci and least in the case of the streptococci. 
Since it has been shown in pre\dous studies (2, 3) that the presence of 

TABLE ni 


Rclciiixon of Trypan Blue at the Site of Streptococcus Inflammation 
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* Smaller quantities of dye injected into each foreleg (amount 1.8 cc. into each 
foreleg). 

t Smaller quantities of dye injected into each foreleg (amount 1 cc. into each 
foreleg). 


coagulated plasma and of thrombosed hmiphatics acts as an obstacle 
to the dissemination of bacteria, it follows that \ ariation in the speed 
^iJi which bacteria induce the production of such a barrier must be 
important factor in explaimng differences in tlieir in\ asive proper- 
ties. The ability of pyogenic organisms to disseminate can e\’identl\’’ 
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relatively little systemic ejSfects because of their pronounced, local 
injurious effect which fixes them in situ. Streptococci, on the con- 
trary, produce far greater s)»'steinic effects owing to the invasiveness 
resulting from their relatively mild local effects. Other examples of a 
similar nature can be pointed out. The localixation of diphtheria 
bacilli is probably explainable by the accumulation of fibrin which this 
organism induces in the respirator}’’ mucosa. Nevertheless, the soluble 
exotoxin formed by these bacilli gradually finds its way into the 
systemic circulation, very much as the writer has shown to be the case 
v,ith foreign proteins (11). In view of the studies reported in this and 
in earlier communications the reason for the disastrous effects that fre- 
quently follow surgical interference with a protective inflammator}^ 
barrier is ob\ious. 

The fact has been pointed out (1-3) that fixation occurs extremely 
early in the development of the inflammatory reaction, thus allowing 
an interval of time for leucocytes to assemble for phagocytosis. This 
initial phase of fixation walls off the area of Injury from the rest of 
the organism and thus plays a definite part in immimity. The present 
results suggest that the streptococcal type of inflammation involves so 
delayed a reaction of fixation that the microorganisms are enabled to 
disseminate relatively freely. 

SUMMARY AKD CONCLUSIONS 

Trypan blue injected into an area of cutaneous inflammation induced 
by Staphylococcus aureus failed to drain readily to the tributar}’’ 
l}Tnphatics when the dye was injected as early as 1 hour after the 
inoculation of the microorganisms. 

Trypan blue introduced into an area of cutaneous inflammation 
induced by Pneumococcus Type I was retained in situ when the dye 
^’as injected about 6 or more hours after the inoculation of the bacteria. 

'When an area of cutaneous inflammation was induced by the inocu- 
lation of a culture of Streptococcus hemolylicus^ tr}^an blue injected 
into it drained readily to the tributary l}Tnphatics for the first 30 hours 
following the onset of the inflammator}’* reaction. WTien the inflam- 
mation had lasted for 45 hours or longer, the dye was fixed in situ and 
failed in most instances to reach readily the tributar}’’ l}Tnphatics. 

The rapidity of fixation of the dye in the instances given would 
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table 1 

No. 9-9 anrctis 

======^=£££S^ffii^^ p.in. 


Neutrophils 


1932 

June 22 
June 23 
June 24 
June 25 
June 26 
June 27 
June 28 
June 29 
June 30 
July 1 
July 2 
July 3 
July 4 
July 5 
July 6 
July 7 
July 8 
July 9 
July 10 
July 11 
July 12 
July 13 I 
July 14 
July 15 
July 16 
July 17 
July IS 
July 19 
July 20 
July 21 
July 22 
July 23 
July 24 
July 26 
July 2S I 


5 p.m. 
S a.m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.m. 


W.B.C. 


14', 300 

23,750 

40,000 

18,400 

22,150 

21,350 

21,950 j 

18,400 


a.m. 

20,200 

a.m. 

23,200 

a.m. 

1 20,650 

a.m. 

18,200 

a.m. 

18,350 

a.m. 

16,950 

a.m. 

14,450 

a.m. 

12,700 

a.m. 

17,750 

a.m. 

17,250 

a.m. 

8,950 

a.m. 

10,850 

a.m. 

15,000 


a.m. 

a.m. 

a.m. 

a.m. 

a.m. 

a.m. 

a.m. 

a.m. 

a.m. 

a.m. 

a.m, 

a.m. 

a.m. 

a.m. 


14,750 
15,150 
I IS, 750 
15,500 
13,650 

15.400 
12,050 I 
15,550 I 

13.500 

9.400 
9,400 

12.500 I 
9,750 

10,350 



12 i: 

4 ^ 


3S 11 
79 < 

73 14 


81 10 

73 11 

76 I 9 

74 8 

77 6 

SO I 3 
69 I 3 
67 7 

87 4 

1 ^ 

I 71 10 

77 13 

73 12 

88 1 
75 11 

S3 I 3 
72 3 




8 11 
17 23 
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of sharp depression of the neutrophils. The behavior of the leucocytes is shown in 
Table III. The animal is still living, more than 6 months after operation, and 
appears to be in good condition. 

Rahiit lO-O . — ^Received 5 cc. of the culture received by No. 5-1. The animal 
aborted and died 36 hours after operation. The blood picture is shown in Table 
IV; there was an acute leucopenia. At autopsy, smears and cultures were nega- 
tive, the bone marrow was practically exhausted of granulopoietic elements. 
The capsule was intact, and its contents viable. 

TABLE II 


Staphylococcus aureus 

No. 2-3, operated upon Nov. 12, 1932, 4 p.m. 


Date 

Time 

W.B.C. 

Eosinophils 

Basophils 

Neutrophils 

Lymphocytes 

Large mononu- 
clears 

Myelocytes 

Metamyel- 

ocytes 

Band form 

Segmented 

1932 











Nov. 12 

5 p.m. 

8,550 


8 



26 

48 

8 

10 

Nov. 13 

8 a.m. 

16,400 


3 


6 

60 

14 

9 

8 

Nov. 14 

a*m, 1 

10,350 

2 

6 


4 

16 

5 

48 

19 

Nov. 15 

a.m. 

7,850 

1 

7 


1 

28 

19 

32 

12 

Nov. 16 

a.m. 

13,800 


8 



12 

2 

' 58 

20 

Nov. 17 

a.m. 

13,350 

2 

7 


2 

34 


31 

24 

Nov. 18 

a.m. 

25,250 

1 

8 



39 

6 

34 

12 

Nov. 19 

a.m. 

29,850 

2 



1 2 

18 

3 

50 

23 


Animal found dead the morning of the 20th 


Streptococcus viridans 

Rabbit JO-1. — Received 5 cc. of an 18 hour culture of Strep, viridans isolated 
from a very sore throat. A passage strain was not used as it was practically aviru- 
lent for rats and mice, and the intravenous injection of a 24 hour slant culture 
killed a rabbit only after 5 days. No. 10-1 died 22 hours after operation. There 
was an acute leucopenia followed by a pneumococcus septicemia (i.c., clinical 
agranulocytosis). The striking blood picture is shown in Table V. At autopsy, 
immediately following death, pneumococcus was isolated in pure culture from the 
heart blood. There was little gross pathology. The bone marrow showed severe 
destruction of the granular cells (Fig. 3) and a large amount of fat; the cr>'thro- 
poietic elements appeared normal. The capsule was found to be intact and was 
immediately transferred to another rabbit. 

Rabbit 10-2. — Received the capsule from No. 10-1 after it had been thoroughly 
washed with 70 per cent alcohol. The blood picture is shown in Table ^T. I’hc 
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EXPERBIENTAL GRANUEOPE^^, BACTERIAL 

toxins elaborated es wo 

Bv EMERY WESTERVELT DENMS, Ph.D. ^ 

(F.. .. 0/ 5^/-; of ^ 

Beirul, Beirut, Syria) 

Plates 64 and 65 

(Received for pubUcation, Februarj^ 11, 1933) 

The data presented in this paper dyscrasia Tvhich 

demonstrate a possible °”^anulocytosis” (D, “agranulo- 

<^c angina” (2). lai recenfly been reviewed 

cases have been reported, ine u 

by Kracke (4) and others. Pomolex with the most sig- 

The disease appears as a symp of 

• -nificant lesion in the bone mano production is stopped or 

neutrophilic leucocytes is deplete ^ is characterized by a 

inhibited. The result is ^ blood platelet 

granulocytopema and a geoted. The elimination of 

and erythrocyte counts me properties of the body that 

the granulocytes so weakens the nresent in the body as 

invasion of the blood .^yj^tr^attar. and a fatal 

saprophytes or m low ^ade^ manifestations are largely 

sepsis results. ^ tire invading 

fortuitous, depending on the n 

organisms. , rH^pase is valid, the etiologic 

n this conception of tire power to depress the function 

factor must be somethmg whic specifically toxic for 

of the bone marrow, and furthermore it must sp 

granulocytes. • eapable of produdng the clinical 

Arsenicals, benzene, and 1 ^ Uttie evidence that any 

picture of agranulocytosis ^ etiologj-'of the steadily increasing 

of them plays an ^ Attempts to produce the disease in 

number of cases being reported. 

993 



granulopenia due to n. 

^ TO bacterial to: 


Table vn 

^o. 9-1, oners -Pro/eus sp. 

==i=S2iSi^HiM2. 


Neutrophils 


W.B.C. 


May 24 
May 25 
May 26 
May 27 
May 28 
May 29 
May 30 
May 31 
June 1 I 
June 2 
June 3 
June 4 I 
June 5 
June 6 
June 7 
June 8 
June 9 
June 10 
Tune 11 
June 12 
June 13 
June 14 
June 15 
June 16 
June 17 I 
" ne IS 

ue 19 

tie 20 I . 

le 2l I 
le 22 “ 

o' 

• <50 

2 / ■' 


( a.m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.m, 
a.m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.m. 

a.m. I 
a.m. 1 
a.m. I 
a.m. I 
a.m. I 


1 7,550 
7,750 
16,750 
11,450 
25,400 
7,250 
30,000 I 
20,100 I 
23,950 
14,850 
7,750 
6,650 
2,500 
h850 
',750 
,200 

,350 I ] 
700 / 2 
450 I 
950 / 

250 1 

?00 1 
50 

00 I 2 

30 1 

;o 

B 

0 1 
7,600 1 1 
7,450 / 1 / 
10,650 / 2 
11,250 / / 

9,350 / 

10.050 / 2 
S,650 


3 

2 5 

M 6 
^ hi I 

1 4 

/ 7 I 

I ^ / 

I ^ / 

1 5 / 

M 7 
I 4 
8 I 

1 2 

I ^ I 

I 5 / 

I 3 / 

7 

2 

I ^ / 

; ® / 

I ^ / 

I ^ / 

I ^ I 
I ^ ; 

I 


’ ri 




I 29 10 

53 13 

67 7 

36 / 23 

54 / 25 

55 5 

38 19 

37 11 

60 5 

52 2 

)2 7 



0 78 

1 60 
M 59 I 

/ . ’ 68 

I 10 76 

12 79 

S 87 
6 91 

6 87 . 

S 80 3 

9 76 

1^ 71 . 

8 76 

6 73 14 

13 63 11 

10 77 6 

' 54 3 
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through the skin, abdominalwaU, and Sewmd was sutured and 

anesthesia was used. After insertion of the capsule, m 

an antiseptic dressing applied. rarpfuUv. followed by total and 

After the operation, the blood as the condition of 

(Merential leucocyte counts Mde hoiK > , a ’ vrhich died were carefully 

the animal and the blood pictoe in ^ ^ ^ condition of the bone 

autopsied, material fixed for histologic ^ j methyl alcohol and stained 
manow ascertained by impression smears , , ^^^edescribedseparately. 
with Giemsa’sorLeishman’s stain. The is o counts and specifically by the 

The experiments w’ere controlled by w of sterile serum broth, 

blood pictures of two rabbits which received P Twenty animab 

The results of tj^pical experiments are septicemia as the result of 

have been used, two of which died of Slrep. obtained from the 

leaking capsules. The diSerential comts we Schilling’s (24) 

ear veins of the rabbits and stame ^ ip,,(.oc%i:es was used, except that the 
modification of Ameth^s classification o e Schilling’s hemogram metho 

large and small l>Tnphoc>^tes were not ^^P^^ figures in the accompan>- 

of recording the coimts proved to be ^ ^ determined by a count of at least 

ing tables (hemograms) represent f ^s were above a thousand 

one hundred cells in all cases where the 

PROTOCOLS 

Staphylococcus aureus 

• w^cc of an 18 hour culture of virulent 

P-P.— Received a capsule ^^^^^furunculosis with shght granulopenia. 
Slapk. auretis isolated from a case o Wp T There was a chronic granu- 

The behavior of the leucocytes b shown m ^ ^ed Sept. 20, 6 mont^ 

lopenia rrith an absolute Ijunphocytosis. in contaminated, 

after operation. The contents of the capsul ^ ^ due to 

The capsule was imbedded in caseous p^ o intestine involved in the 

peritonitis resulting from fistulation o ^ ^ the leucoc>'te count 

adherent reaction mass. Thetermma marrow were degenerative and 

above normal. The granular cells o c 

relatively few in number (Fig. !)• • • tr ^ cc of an 18 hour culture of Staph. 

Rabbit 2-J.--Received a capsule £ve mice. The blood picture 

aureus isolated from an abscess and passe ^ after operation. There was 

is shown in Table 11. The animal died on tne ^^pheral blood where the 

extensive destruction of the were markedly increased, 

cells were ver>^ pathological- The l?:?l^rt Wood and spleen. There was no 
Strep, viridans was bolated from the n» Auid were negative. The 

peritonitb. The smears and cultures o granulopoietic elements. The 

bone marrow was depleted but not tholog>- vus that of severe in- 

capsule was intact; contents \Table. 
toxica tion. 



1004 


granulopenia 


to bacterial 


toxins 


'^onirois 
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Stated in Table Vm. Jencocytes in the contrT" 
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J“l}- 50 

•^ug. 2 1 

f a-m. 

3 / 

a.rQ, 

A«g. 5 

a.m. 

•^ug. 9 / 

a,in. 

12 / 

a.m. 

15 / 

a.in. 

18 / 

a.tti. 




- 6 . 

25 

Aug. 29 
Aug. 31 
1 
2 


fept. 3 , 

a.in. 

5 

a.iii. 

Sept. 7 

a.tn. 

Sept. 8 

a.m. 

Sept. 9 / 

ajn. 

Sept. 10 / 

a.m. 

Sept. 12 

a.in. 


16 

^^Pt. 14 

|ep£.J 5 
f^t. 16 
Sm.i 7 

^fipt. 19 


a.m, 

a.nj. 

a.m. 

a.m, 

a.ii2, 

a.tQ, 

a.xD_ 


„ / ^2,900 

“• 10,600 
,’ / S.SOO / 

ii,350 

/ ^.550 / 

/ ^,500 / 

/ S ,500 / 

/ S,550 
I ^iJOO / j 
/ 6,600 / 

/ 6.150 / 

/ 2 „J 0 O / 

/ S,I 00 / 

/ 6,050 / 

/ 8,050 / 

/ ^0,550 / 

/ 6,050 / 

/ / 1 
/ ^''750 / 3 / 
/ 0,500 / 2 / 
0,500 / 3 / 
^ 8,500 / 1 / 
^ 1,400 / 1 / 
^ 2,200 / 4 / 
2,/00 / / 


I Jl f 


•5 / s; 

i 94 


■'-R.ce.VM 

^^^rirneuf. 
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in a relative rather than absolute shift to the left. This shift to the 
left clearly demonstrated the sustained elaboration and activity of the 
toxic factor. 

In none of the cases presented above was there an abnormal ap- 
pearance of the erythropoietic elements in the bone marrow, and blood 
platelets were always abundant in the blood smears. The eosinophils 
tended to disappear and the basophils to increase with increased 
intoxication. A sharp drop in the number of neutrophils was usually 
preceded by a marked basophilia which generally disappeared as the 
neutropenia developed. The appearance of tlie large mononuclears 
varied greatly with different animals. The degree of variation was 
not correlated with any particular species of parasite, but appeared 
to be dependent upon the reactivity of the individual host. 

A significant phenomenon was observed where there was a secondary 
infection superimposed upon the toxigenic strain. There was an 
immediate antagonistic response of the bone marrow with an increase 
of granulocytes in the peripheral blood, but such compensatory efforts 
undoubtedly merely hastened the exhaustion of tlie bone marrow and 
shortened the life of the animal. This phenomenon has its clinical 
counterpart in the cases cited by Doan (25), in which tire stimulation 
of myelopoiesis by repeated 1/20 erythema doses of x-rays over the 
long bones showed a prompt response in the peripheral blood, only 
to be quickly followed by a relapse, with precipitation of complete 
aplasia, which was rapidly fatal despite all therapy. Doan’s sugges- 
tion that “the fatal recurrence in such cases may be simply tire develop- 
ment of complete decompensation of the organ following the last 
heroic effort to respond to stimuli ordinarily effective in initiating and 
maintaining myelopoiesis” is given experimental support. It is 
apparent that great caution should be exercised in any therapeutic 
stimulation of bone marrow with a low myelopoietic reserve. 

It appears that the pyogenic bacteria are capable of producing 
granulocytopenia only when they are restrained from active penetra- 
tion into the tissues, yet are so situated that their toxic products can 
be readily absorbed; othenwse they stimulate the leucopoietic system 
and produce a Icucocytosis. Since the injection of filtrates of these 
organisms has so consistently failed to induce a depression of the 
granulocj'tes (4), it appears that the constancy of the supply of toxin 
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